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PREFACE. 


The  cordial  reception  given  to  the  first  edition  of 
my  Commercial  Organic  Analysis  encourages  me 
to  hope  that  the  revised  version,  of  which  this 
volume  is  the  first  instalment,  will  be  received  with 
at  least  equal  favour. 

In  preparing  this  volimie  for  the  press,  I  have 
spared  no  pains  to  correct  errors  or  ambiguities  exist- 
ing in  the  first  edition,  and  the  information  has  been, 
as  far  as  possible,  brought  up  to  the  latest  date.  The 
changes  and  additions  thus  necessitated  have  been 
very  considerable,  and,  in  fact,  there  are  very  few 
pages  of  the  book  which  remain  wholly  unaltered. 

Besides  supplementing  the  information  previously 
given  by  the  addition  of  the  most  recent  facts  and 
processes,  I  decided,  after  due  consideration,  on  re- 
arranging the  subject-matter  of  the  work,  so  that  each 
volume  should  treat  more  especially  of  kindred  pro- 
ducts. Thus,  the  volume  now  presented  is  devoted 
chiefly  to  the  consideration  of  bodies  'of  the.  Fatty 
Series  and  of  Vegetable  Origin,  and  includes  chapters 
on  the  Alcohols,  Ethers  and  other  Neutral 
Derivatives  of  the  Alcohols,  Sugars,  Starch  and 
its  Isomers,  and  Vegetable  Acids. 

The  Second  Volume  of  the  new  edition  wiU  pro- 
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bably  be  in  the  hands  of  the  printer  by  the  time 
these  words  are  read,  and  treats  more  especially  of 
Coal-Tar  Products  and  bodies  of  the  Aromatic  Series, 
including  Phenols  and  their  Acid  and  Neutral 
Derivatives,  Colouring  Matters,  &c.  ;  and,  for 
reasons  of  practical  convenience.  Hydrocarbons  gene- 
rally, and  the  Fixed  Oils  and  the  Products  of  their 
Saponification.  The  Tannins  will  also  be  considered 
in  the  Second  Volume. 

I  propose  to  devote  a  Third  Volume  to  the 
consideration  of  Nitrogenised  Organic  Substances, 
including  Cyanogen  Compounds,  Alkaloids  and  Or- 
ganic Bases,  Albuminoids,  &c.,  and  hope  to  have 
this  ready  for  the  press  by  the  time  Volume  II. 
appears. 

I  believe  that  this  rearrangement  of  subject- 
matter  will  render  the  book  more  convenient  for 
reference,  while  adapting  each  particular  volume  to 
the  special  requirements  of  certain  users. 

I  take  this  opportunity  of  thanking  collectively  the 
considerable  number  of  Chemists,  many  of  whom  are 
personally  unknown  to  me,  who  have  given  me  the 
benefit  of  their  special  experience,  and  by  whose 
assistance  the  book  has  greatly  profited. 

I  am  also  largely  indebted  to  many  Scientific  and 
Technical  Journals,  and  to  certain  kindred  works 
dealing  with  Proximate  Organic  Analysis,  for  much 
of  the  information  incorporated  in  the  new  edition. 

ALFRED  H.  ALLEN. 
Sheffield,  May  Sth,  1885. 
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INTRODUCTION. 


1.  The  term  Analysis,  though  originally  meaning  the  separa- 
tion orspUttingup  of  a  substance  into  its  constituent  parts,  has  now 
become  greatly  extended  in  its  application,  so  that  a  process  of 
chemical  analysis  may  mean  either — 

a.  A  true  analysis,  or  separation  of  a  substance  into  its  con- 

stituent parts; 

b,  A  qualitative  identification   or   recognition   of   a   substance 

sought  for ;  or 
<?.  A  quantitative  determination,  with  more  or  less  accuracy,  of 

the  amount  of  a  particular  body. 
When  the  quantitative  determination  is  limited  to  one  or  two 
important  bodies  which  constitute  the.  valuable  or  active  constituents 
of  a  more  complex  substance,  the  analytical  process  is  frequently 
called  an  assay.  It  is  in  this  sense  the  term  assay  is  employed 
throughout  this  work. 

2.  Very  frequently  the  chemical  examination  of  a  substance 
includes  the  search  for,  or  determination  of,  impurities  and 
foreign  constituents  accidentally  present  or  purposely  added.  The 
nature  of  the  foreign  ingredients  will,  of  course,  largely  depend 
upon  that  of  the  substance,  and  cannot  be  generally  described. 
They  may,  however,  be  conveniently  classified  imder  the  following 
heads: — 

a.  Foreign  bodies  naturally  associated  ^vith  the  main  substance, 
and  not  readily  removed  during  the  process  of  preparation. 
Examples :  acetone  in  wood  spirit ;  hydrocyanic  acid  in  bitter- 
almond  oil ;  and  cresylic  acid  in  carbolic  acid. 

b.  Foreign  bodies  introduced  during  the  process  of  manufacture, 
and  not  subsequently  (perfectly)  eliminated.  Examples :  cyanate 
and  carbonate  of  potassium  in  commercial  cyanide ;  sulphuric  acid 
and  lead  in  organic  acids  ;  alcohol  in  ether. 

e.  Foreign  bodies  legitimately  added  in  small  quantity,  to 
confer  some  special  property  on  the  main  substance.  Examples  : 
mineral  acids  in  hydrocyanic  acid ;  alcohol  in  cliloroform. 
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d.  Foreign  bodies  produced  by  the  spontaneous  change  of  the 
main  substance.  Examples:  benzoic  acid  in  bitter-almond  oil; 
metaldehyde  in  aldehyde ;  ethyl  acetate  in  tincture  of  acetate  of 
iron. 

e.  Adulterants  purposely  added  to  increase  the  weight 
or  bulk,  to  confer  some  special  property,  or  to  conceal  weakness 
or  inferiority  of  the  main  substance.  Examples :  water  in  spiritu- 
ous and  vinous  liquids;  tartaric  acid  in  citric  acid;  nitro-benzene  m 
bitter-almond  oil. 

3.  For  the  physical  and  chemical  examination  of 
organic  bodies  a  great  variety  of  methods  are  employed,  the  details 
of  which  will  be  given  imder  the  proper  heads,  but  the  follo>ving 
general  principles  are  frequently  employed  for  the  recognition  and 
quantitative  examination  of  organic  bodies  ;— 

a.  A  preliminary  examination  of  the  leading  characters  of 
the  body,  such  as  its  colour,  taste,  odour,  microscopic  appear- 
ance, and  crystalline  form. 

h,  A  determination  of  the  specific  gravity  of  the  body,  some- 
times in  the  solid  form,  more  frequently  in  the  liquid  condition, 
and  occasionally  in  the  state  of  vapour.  The  density  of  the 
solution  of  a  substance  is  often  a  character  of  value. 

c.  Observations  and  operations  connected  with  a  cluinge  in  the 
physical  state  of  the  substance,  such  as  determinations  of  its  melting 
and  boiling  point,  and  its  behaviour  on  distillation. 

d.  A  study  of  the  optical  properties  of  the  substance,  including 
its  refractive  and  dispersive  powers,  absorption-spectrum,  fluores- 
cence, and  action  on  a  ray  of  polarised  light. 

e.  A  determination  of  the  ultimate  or  elementary  com2wsition  of 
the  body. 

/.  The  behaviour  of  the  substance  with  ordinary  solvents^ 
g.  The  behaviour  of  the  substance  with  other  reagents, 
h.  An  examination  of  the  substance  for  inorganic  mattei's. 
The  foregoing  methods  of  examination   are  chiefly  applicable 
to   the    recognition   of   comparatively    pure   substances,    but   the 
principles   involved   are   continually    employed    in    the  practical 
proximate  analysis  and  chemical  examination  of  organic  bodies. 
Thus,  by  the  varied   behaviour   of   the   associated  bodies,  when 
examined    by   one   or  more  of  the  above  methods,  we  effect  a 
practical  recognition,  determination,  or  separation  of  the  constitu- 
ents of  the  sample. 

It  is  not  proposed  to  describe  the  whole  of  the  above  methods 
of  examination  in  detail,  as  many  of  them  are  procedures  with 
the  general  nature  of  which  the  user  of  this  book  is  presimiably 
acquainted.     In  most  cases,  the  outline  of  the  method  of  examin- 
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ation  is  alone  indicated,  but  exceptions  are  made  in  cases  in  which 
the  same  methods  are  not  in  general  use  in  the  analysis  of  inor- 
ganic  substances.  Sufficient  working  details  for  the  use  of  any 
one  versed  in  simple  chemical  manipulation  are  given  imder  the 
special  articles  devoted  to  the  examination  of  the  various  organic 
preparations  employed  in  commerce. 
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4.  When  the  organic  body  to  be  examined  is  of  wholly  unknown 
nature,  a  judicious  preliminary  examination  will  often  throw  much 
light  on  its  composition.  The  following  points  should  not  be  lost 
sight  of : — 

Colour. — The  colours  of  organic  bodies  are  not  as  a  rule  very 
characteristic,  but  there  are  some  very  remarkable  exceptions. 
As  a  rule,  blue  vegetable  colouring  matters  are  rendered  red  by 
acids,  and  the  blue  colour  is  restored  or  changed  to  green  by 
ammonia.  Indigo  is  not  affected.  Vegetable  yellows  are  generally 
turned  brown  by  alkalies,  and  the  colours  restored  by  acids.  The 
examination  of  the  absorption-spectra  of  coloured  organic 
substances  often  furnishes  most  valuable  information. 

T&St6. — This  character  must  be  observed  with  extreme  cau- 
tion, as  many  organic  bodies  are  intensely  poisonous.  The  safest 
way  is  to  make  a  weak  aqueous  or  alcoholic  solution  of  the  sub- 
stance, and  taste  a  drop  of  the  liquid  cautiously.  Acids  are,  as  a 
rule,  sour  or  astringent  in  taste.  Alkaloids  are  usually  bitter. 
The  sugars  and  glycerin  are  sweet. 

Odour. — ^The  smell  of  organic  compounds  is  often  highly 
characteristic,  and  notably  so  in  the  case  of  the  neutral  alcoholic 
derivatives. 

Microscopic  Appearance. — in  the  case  of  solid  bodies 
an  examination  imder  the  microscope  is  often  extremely  usefuL 
As  a  rule,  the  use  of  a  high  power  is  neither  necessary  or  desirable. 
The  micro-polariscope  affords  a  valuable  means  of  identifying  the 
starches. 

CrystaUine  Form. — This  character  is  often  of  great  service 
for  the  recognition  of  organic  bodies,  but  is  rarely  a  test  of  their 
purity.  In  the  great  majority  of  cases  the  crystals  are  too  small 
or  indistinct  to  admit  of  any  goniometric  determination,  though  the 
action  of  polarised  light  may  frequently  be  observed.  Instances 
of  the  value  of  crystalline  form  as  means  of  identification  are  to  be 
found  in  the  cases  of  cholesterin,  salicylic  acid,  tartaric  acid,  and 
some  of  the  alkaloids  and  their  salts. 

Effect  of  Heat. — The  behaviour  of  organic  substances  on 
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heating  is  often  highly  characteristic.  Solids  should  be  heated  in 
a  small  dry  test-tube.  It  is  well  to  make  an  experiment  first  on 
a  piece  of  platinum  foil,  as  a  few  substances  explode  violently  when 
heated.  On  ignition  in  the  air  all  organic  substances  other  than 
those  containing  metals  are  completely  consumed.  Sometimes 
volatilisation  occurs  without  darkening ;  in  other  cases,  a  more  or 
less  voluminous  residue  of  carbon  is  left,  which  is  sometimes  only 
burnt  away  with  great  difficulty.  Salts  of  organic  acids  containing 
metals  of  the  alkalies  or  alkaline  earths  usually  leave  these  metals 
as  carbonates  on  being  ignited  in  the  air.  Hence  the  presence  of 
carbonate  in  the  ash  indicates  the  previous  presence  of  an  organic 
acid.  Volatile  heavy  metals,  such  as  arsenic  or  mercury,  are 
wholly  driven  off  on  igniting  substances  containing  them,  but 
most  heavy  metals  remain  on  ignition  either  as  oxides  or  in  the 
metallic  state. 

The  density,  boiling  and  melting  points,  and  other  physical 
l)roperties  of  the  substance  may  be  roughly  noted  as  part  of  the 
preliminary  examination,  but  these  characters  are  referred  to  at 
greater  length  in  the  following  sections.  • 

SFECiriC  OBAVITT. 

5.  The  density  of  an  organic  solid  or  liquid  is  often  a  most 
valuable  criterion  of  its  identity  or  purity.  Unlike  the  detemxina- 
tion  of  the  density  of  a  vapour  it  is  frequently  applicable  to  the 
accurate  estimation  of  a  substance  in  solution  or  in  admixture  with 
another  body,  and  in  other  cases  it  may  be  used  to  discriminate 
between  different  isomeric  bodies  of  the  same  percentage  com- 
position. 

The  specific  gravity  of  a  solid  or  liquid  is  generally  referred  to 
water  taken  either  as  unity  or  as  1000.  Both  plans  have  their 
advant^es,  and,  as  no  confusion  can^rise  from  such  a  course,  the 
densities  given  in  this  work  will  be  stated  in  either  manner,  accord- 
ing to  convenience  of  expression  or  comparison. 

6.  The  Specific  Gravity  Bottle  is  the  most  generally 
serviceable  means  of  taking  the  densities  of  solids  and  liquids.  It 
should  not  be  trusted  to  contain  the  amount  of  water  marked  on  it, 
but  should  be  carefully  filled  with  distilled  water  at  the  tempera- 
ture at  which  the  sample  of  liquid  is  to  be  compared  (usually  15°*5 
C.  =  60°  F.),  and  the  weight  of  contained  Avater  ascertained.  *  The 
density  of  the  sample  of  liquid  is  found  by  dividing  the  weight 
of  it  which  the  bottle  will  contain  by  the  weight  of  water  contained 
at  the  same  temperature.  When  the  liquid  is  miscible  with  water, 
the  wet  bottle  may  be  rinsed  out  once  or  twice  with  a  few  drops  of 
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the  sample ;  when  the  liquid  is  insoluble  or  nearly  so  in  water, 
the  bottle  should  be  rinsed  once  or  twice  with  alcohol  and  then 
with  ether,  the  last  traces  of  the  latter  being  got  rid  of  by  a 
current  of  dry  air  from  a  bellows,  or  by  sucking  the  ether  vapour 
from  the  warmed  bottle  by  means  of  a  glass  tube. 

7.  Sprengel'S  Tube. — ^A  very  useful  and  accurate  method 
of  taking  the  specific  gravity  of  liquids,  especially  when  but  small 
(quantities  of  material  are  at  disposal,  is  by  a  method  described  by 
H.  Sprengel  {Jour.  Chem.  Soe.,  xxvi.  577),  in  which  a  small 
U-shaped  apparatus  terminating  in  horizontal  capillary  tubes  is 
substituted  for  the  ordinary  specific  gravity  bottle.  It  may  be 
filled  with  liquid  with  extreme  ease,  and. the  regulation  of  the 
quantity  of  contained  liquid  is  also  very  easily  effected.  The 
resiUts  are  extremely  accurate.  SprengeFs  tube  has  the  advantage 
that  it  can  readily  be  used  for  ascertaining  the  density  of  liquids 
at  the  boiling  point  of  water.  This  is  important  in  the  case  of 
substances  which  are  solid  at  the  ordinary  temperature. 

8.  Mohr'S  Hydrostatic  Balance  is  a  very  convenient 
instrument  for  many  purposes.  A  thennometer  suspended  from  a 
piece  of  platinum  wire 
is  attached  to  one  end  of 
a  counterpoised  lever. 
On  immersing  the  ther- 
mometer in  a  liquid  it 
loses  a  certain  weight. 
The  equilibrium  is 
restored  by  hanging 
riders  on  the  lever, 
the  weight  required 
being  that  of  a  quantity 
of  the  liquid  equal  in 
measure  to  the  im- 
mersed thermometer. 
The  series  of  riders  are 
adjusted  in  weight  so 
as  to  make  the  reading 
very  simple.  In  making  an  observation,  counterpoise  is  effected  when 
by  the  addition  of  riders  the  beam  remains  in  a  horizontal  position. 

9.  Hydroineters  are  instruments  the  use  of  which  is  too 
well  known  to  require  detailed  description.  Care  should  be  taken, 
in  accurate  observations,  to  read  either  from  the  top,  bottom,  or 
centre  of  the  meniscus,  according  to  the  manner  in  which  the 
instrument  is  graduated.  Attention  should  also  be  paid  to  the 
temperature  of  the  liquid  during  the  observation. 


Fig.  I. 
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The  graduation  of  hydrometers,  even  when  sold  by  well-known 
firms,  is  often  far  from  accurate ;  and  hence  the  indications  of 
such  instruments  should  be  carefully  verified. 

The  accuracy  of  hydrometer-densities  has  been  questioned  in 
the  case  of  milk  and  other  liquids  containing  suspended  particles, 
but  the  experiments  of  L.  Siebold  {Analyst,  iv.  189)  show  that  the 
indications  of  the  hydrometer  in  such  cases  agree  with  those 
obtained  by  the  specific  gravity  bottle, 

10.  Twaddell's  Hydrometer  is  applicable  only  to  liquids 
heavier  than  water.  The  indications  are  translated  into  actual 
densities  by  multiplying  the  degrees  Twaddell  by  5,  and  adding 
1000.  Thus  a  liquid  which  marks  68°  Twaddell  has  an  actual 
density  of  (5  X  68) +  1000=  1340,  compared  with  water  as  1000. 

11.  Baum^'s  Hydrometer  is  not  commonly  used  in  England, 
except  for  ascertaining  the  density  of  saccharine  solutions.. 
As  originally  constructed,  the  point  to  which  the  instrument  sank 
when  immersed  in  a  solution  of  16  parts  of  dry  common  salt  in  85 
parts  by  weight  of  water  was  taken  as  15  degrees.  The  interval 
between  this  point  and  that  at  which  the  hydrometer  stood  when 
immersed  in  pure  water  was  divided  into  16  equal  parts,  and  a 
scale  of  similar  equal  parts  extended  as  far  as  was  necessary. 
Francoeur  foimd  the  density  of  a  solution  of  common  salt  of  the 
above  strength  to  be  1109;  Soubeiran,  1116;  Gerlach,  1114; 
while  Coulier  gives  11 10*7 2 6.  The  subject  has  been  investigated 
by  Baudin  (Chem,  Nmcs,  xxi.  54),  who  found  the  density  to  be 
1111  at  15°  C. 

According  to  Baum^'s  original  scale,  concentrated  sulphuric  acid 
of  1845  specific  gravity  marked  69  J  degrees.  Gay  Lussac  proposed 
a  modified  scale,  according  to  which  the  same  density  corresponded 
to  66  degrees  at  15°  C.  Of  late  years,  all  the  Baum^  hydrometers 
made  in  England^  appear  to  have  been  graduated  on  a  scale 
intermediate  between  these  two  (G.  W.  Wigner,  Analyst,  v.  138). 

^  In  America,  Baume  hydrometers  for  liquids  heavier  than  .water  are  gradn* 
ated  by  taking  water  at  15**  C.  as  the  zero  point,  and  sulphuric  acid  of  1842*7 
specific  gravity  at  16"  C.'as  equal  to  66*  Baum^.  This  gives  the  following 
formula  for  calculating  actual  densities  : — 

^P'^'"l44-3-deg.  B. 
For  liquids  lighter  than  water  the  formula  is  as  follows :  — 

^•^•"136  +  deg.  B. 

That  such  an  instrument  as  Baum^'s  hydrometer  should  ever  have  come  into 
general  use  is  a  serious  misfortune,  but  that  its  indications  should  be  different 
in  £ngland  and  America  is  discreditable  to  both  countries. 
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On  such  instruments,  a  liquid  of  1480  specific  gravity  marks  48 
degrees  Baume,  and  hence  the  actual  specific  gravity  may  be 
calculated  by  the  following  formula — 

Sp.gr.  (water=1000)  =  -^^^^ 

Thus,  if  a  liquid  mark  12°  Baum6  the  actual  specific  gravity  will 
be  1088-2 ;  for 

148,000 


148-12 


=  1088'2. 


Baum^'s  hydrometer  /m*  liquids  lighter  than  water  is  graduated 
by  taking  pure  water  as  10°,  and  the  zero  is  foimd  by  immersing 
the  instrument  in  a  solution  of  10  parts  of  common  salt  in  90  of 
"water.  The  indications  may  be  calculated  into  degrees  of  real 
density  by  the  formula — 

140,000  ..  .^  1 

130+deg.-B=^P"^^^^^^- 

12.  Cartibr's  Hydrometbr. — 2 2°  corresponds  with  22°  Baimie, 
but  above  and  below  this  point  the  degrees  are  diminished  in  the 
ratio  of  16  to  15. 

13.  Beck's  Hydrometer. — The  zero  point  corresponds  to  the 
density  of  water,  and  30°  to  a  density  of  850,  the  scale  being 
divided  into  equal  parts  above  and  below  the  zero  point,  as  far  as 
desirable. 

OtJier  hydrometers  are  described  in  the  section  treating  of  the 
"  density  of  saccharine  solutions." 

14.  Unfortunately,  much  confusion  has  crept  into  the  mode  of 
stating  specific  gravities.  Thus,  if  a  liquid  be  stated  to  have  a 
donsi^  of  '7185  at  17°*5  C,  there  is  really  no  certainty  as  to 
what  is  intended  to  be  understood  by  the  statement.  It  may  be 
meant  that  a  bottle  which  held  100  grammes  of  water  at  17°*5, 
held  only  71*85  grammes  of  the  liquid.  Or  the  bottle  may  have 
held  100  grammes  of  water  at  15°-5  C.  (  =  60°  F.),  at  15°-0  C,  at 
4°,  or  at  0°  C.  In  many  instances  it  is  quite  uncertain  whether  the 
recorded  densities  refer  to  a  comparison  with  an  equal  bulk  of  water 
at  the  same  temperature  as  that  at  which  the  liquid  was  weighed, 
or  at  any  one  of  the  temperatures  just  given.  As  a  rule,  when 
the  density  of  a  substance  is  stated  to  be  so  much  at  15° '6  C. 
( =  60°  F.),  it  may  be  regarded  as  certain  that  the  imit  of  water 
was  weighed  at  the  same  temperature,  but  in  the  other  cases  it  is 
by  no  means  certain  what  is  meant.     This  fertile  source  of  error 

^  See  footnote  on  last  page. 
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has  been  coiiuuented  on  in  an  able  manner  by  W.  A.  Tildon. 
{Cftem,  Netcs,  xxxviii.  300). 

16.  The  specific  gravity  of  organic  -solids  is  best  taken  by 
introducing  some  fragments  or  powder  into  a  specific  gravity  bottle 
and  ascertaining  the  weight  taken  in  grammes.  The  bottle  is  next 
filled  with  water,  petroleum,  or  some  liquid  of  known  density 
having  no  solvent  action  on  the  solid  to  be  examined,  and  the 
weight  is  then  again  observed.  The  increase  gives  the  weight  of 
contained  liquid,  and  this,  multiplied  by  its  known  density,  gives 
its  volume.  This  subtracted  from  the  known  capacity  of  the 
bottle  in  c.c.  gives  the  measure  of  the  solid,  which,  divided  into 
its  weight  in  grammes,  gives  the  density  compared  with  water  as 
unity.  Care  must  be  taken  to  avoid  the  adherence  of  air-bubbles 
to  the  solid.     Agitation  will  generally  suffice  to  get  rid  of  them. 

Hager  has  described  {Analyst,  iv.  206)  a  method  of  ascertaining 
the  specific  gravity  of  fats  and  similar  bodies,  by  diluting  alcohol 
or  strong  ammonia  with  water  until  suspended  fragments  of  the 
substance  remain  in  equilibrium  in  any  part  of  the  liquid  at  a 
temperature  of  15° '5  C.  The  density  of  the  liquid  is  then  taken, 
and  is  clearly  identical  with  that  of  the  suspended  solid. 

16.  Vapour-Densities. — The  determination  of  the  vapour- 
density  of  an  organic  body  often  furnishes  a  most  complete  test  of 
its  formula.  In  all  cases  in  which  no  decomposition  of  the  sub- 
stance occurs,  the  density  of  the  vapour,  compared  with  that  of 
hydrogen  at  the  same  temperature  and  pressure,  is  one-Jialf  the 
molecular  weight. 

Thus  the  density  of  the  vapour  of  alcohol  is  23  times  that  of 
hydrogen,  which  gives  46  as  the  molecular  weight,  and  establishes 
the  formula  C2HgO.  Similarly,  benzene  vapour  is  39  times 
heavier  than  hydrogen,  which  corresponds  with  the  formula  CgH^, 
and  negatives  the  possibility  of  CH,  C2H2,  or  other  simpler  formula 
expressing  the  true  constitution  of  benzene. 

17.  The  determination  of  vapour-densities  is  more  frequently  of 
service  in  original  oi^nic  research  than  in  the  examination  and 
assay  of  commercial  organic  products,  and  it  is,  therefore,  imneces- 
sary  to  describe  in  detail  the  various  methods  of  making  such  ob- 
servations. A  very  simple  and  convenient  apparatus  for  taking 
vapour-densities  is,  however,  shown  on  next  page  (fig.  2).  It  is  due 
to  V.  Meyer  {Deut,  Chan.  Ges,  Ber.y  xi.,  1867  ;  and  Jow.  Chem. 
Soc.,  xxxvi.  177),  and  consists  of  a  sort  of  cylindrical  flask,  with 
a  very  elongated  neck  provided  with  a  side  tubulure.  The  flask  is 
placed  in  an  outer  tube,  which  is  filled  with  some  liquid  heated  to 
a  somewhat  higher  temperature  than  the  boiling  point  of  the 
substance  of  which  it  is  desired  to  ascertain  the  vapour-density. 
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A  cork  is  inserted  in  the  mouth  of  the  flask,  and  the  orifice  of  the 

side  tubulure  is  brought  under  the  water  of  a  pneumatic  trough. 

As   soon   as  the    temperature   becomes    constant,  as 

indicated  by  no  further  expansion  of  the  air  taking  1 1 

place,  the  cork  is  removed  from  the  flask,  a  weighed  Ij 

quantity  of  the  substance  dropped  in,  the  cork  quickly 

replaced,  and  a  graduated  cylinder  filled  with  water 

placed  over  the  orifice  of  the  gas-delivery  tube.     In  ^^ 

fifteen  to  twenty  seconds,  air  collects  in  the  cylinder  in        /^^ 

volume  equal  to  that  of  the   vapour  formed  by  the     U 

volatilisation  of  the  substance  introduced.    In  practice,  aj/ 

the  weighed  quantity  of  the  substance  should  be  con 

tained  in  a  small  thin  tube,  which  should  be  allowed 

to   drop    on  a     cushion    of    asl)estos  or   glass-wool 

arranged  at  the  bottom  of  the  flask.     Watson  Smith 

{Jour,  Chenu  Soc,,  xxxvii.  491),  who  has  materially 

improved  the  manipulation  with  Meyer's  apparatus, 

employs   an  arrangement  by   which  the  removal  of 

the  cork  is  avoided,  and  the  tube  is  detached  from  its 

under  side  after  the  cork  is  in  position. 

When  no  more  bubbles  collect  in  the  graduated 
cylinder  it  is  removed  to  a  larger  cylinder  filled  with 
water,  the  internal  and  external  liquids  brought  to 
the  same  level,  and  after  a  time  the  volume  of  the  Fig.  2. 
air  (V)  read  ofi^  the  temperature  of  the  water  (<), 
and  the  height  of  the  barometer  being  at  the  same  time  observed, 
and  corrected  for  a  temperature  of  0°  C.  The  figure  thus  obtained 
is  called  B,  and  if  the  weight  of  the  substance  used  be  S,  and  the 
tension  of  the  vapour  of  water  at  the  temperature  of  the  air  Wj  the 
vapour-density  of  the  substance  may  be  found  from  the  following 
equation  : — 

8(1+0-003665  0x587780 


Vapour-density  = 


(B-?r)V 


OBSERVATIONS   OF  CHANGES  [OF  FHTSICAL 
STATE. 

18.  The  Melting  Point  or  Solidifying  Point  of  an 

oigs^ic  body  can  be  determined  by  means  of  the  apparatus 
described  for  taking  subliming  points  (par.  20),  the  glass  ring 
and  upper  disc  being  omitted.  In  some  cases  it  is  preferable  to 
place  the  substance  directly  on  the  mercury.  Several  determina- 
tions can  be  made  simultaneously  by  this  method.     For  readily 
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fusible  bodies,  the  porcelain  crucible  should  be  substituted  by  a 
beaker  placed  in  another  beaker  containing  iced  water  or  a  freezing 
mixture.  On  removing  the  bath  containing  the  cooling  agent  the 
temperature  of  the  mercury  gradually  rises,  and  the  temperature 
at  which  the  substance  under  examination  melts  can  be  observed 
with  great  accuracy.  In  taking  the  melting  points  of  less  fusible 
substances  there  is  no  occasion  to  cool  the  mercury,  which,  on  the 
contrary,  is  immersed  in  a  beaker  filled  with  water  to  a  higher 
level  than  the  mercury.  The  water  is  heated  very  graduaUy  till 
the  substance  becomes  transparent  or  gives  other  signs  of  lique- 
faction. For  still  less  fusible  substances  a  non-volatile  liquid  must 
be  substituted  for  the  water. 

1 9.  The  foregoing  method,  devised  by  T.  Redwood,  is  applicable 
within  an  extensive  range  of  temperature,  but  in  some  respects  the 
following  plan  is  preferable.  The  substance  is  melted  at  a  tem- 
perature slightly  above  its  fusing  point,  and  while  molten  is 
sucked  up  into  a  very  narrow  glass  tube,  where  it  is  aUowed  to 
solidify.  After  an  interval  of  not  less  than  one  hour  the  tube 
is  attached  by  a  cork  or  india-rubber  ring  to  the  stem  of  a  ther- 
mometer, in  such  a  manner  that  the  part  of  the  tube  containing 
the  substance  of  which  the  melting  point  is  to  be  observed,  shall 
be  at  the  same  level  as,  and  in  close  proximity  to,  the  bidb.  The 
thermometer  with  its  attached  tube  is  then  immersed  in  water,  or 
other  transparent  liquid  having  no  solvent  action  on  the  substance 
under  examination,  and  the  water  is  gradually  heated  until  fusion 
of  the  contents  of  the  capillary  tube  takes  place,  when  the  ther- 
mometer is  observed  and  the  temperature  recorded  as  the  melting 
point  required. 

20.  The  Subliming  Point  of  an  organic  body  is  some- 
times an  important  characteristic,  but  its  value  depends  much  on 
the  manner  of  making  the  observation.  A.  Wynter  Blyth  recom- 
mends the  following  method: — ^A  porcelain  [crucible  about  three 
inches  in  diameter  is  nearly  filled  with  mercury  (or,  for  high 
temperatures,  fusible  metal).  A  minute  quantity  of  the  substance 
to  be  examined  is  placed  on  a  thin  disc  of  microscopic  covering 
glass,  which  is  floated  on  the  mercury,  and  covered  with  a  glass 
ring  (cut  from  tubing)  on  wliich  is  placed  a  second  disc  so  as  to 
form  a  closed  shallow  cell.  The  porcelain  crucible  is  placed  on  a 
brass  plate  and  covered  with  a  flask  from  which  the  bottom  has 
been  removed.  This  serves  to  keep  away  currents  of  air,  and 
supports  the  thermometer,  which  passes  through  a  cork  in  the 
neck,  so  that  the  bulb  is  immersed  in  the  mercury.  In  the  first 
examination  of  a  substance  the  temperature  is  raised  somewhat 
rapidly,  the  upper  disc  being  removed  by  forceps  and  exchanged  for 
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a  fresh  disc  at  eviary  rise  of  20  degrees,  until  the  substance  is 
destroyed*  A  second  determination  is  conducted  more  slowly  and 
the  discs  more  frequently  changed,  while  in  conducting  the  third 
determination  the  heat  is  raised  very  cautiously,  and  the  discs 
changed  every  half  degree  when  the  previously  ascertained  sub- 
liming point  is  nearly  reached.  'Blyth  defines  the  subliming 
point  as  the  lowest  temperature,  which,  if  maintained  for  60 
seconds,  aUows  of  the  formation  of  the  most  minute  dots,  films, 
or  crystals  which  can  be  observed  by  a  microscopic  power  of 
i  inch. 

The  great  majority  of  subliming  points  given  in  this  work  have 
not  been  determined  in  the  above  exact  manner. 

21.  Observation  of  the  Boiling  Point.— in  making 

this  important  determination  it  is  necessary  to  remember  that  a 
boiling  liquid  is  often  several  degrees  hotter  than  the  vapour 
rising  from  it.  In  observing  the  boiling  point,  therefore,  care 
must  be  taken  that  the  thermometer  bulb  is  not  immersed  in,  but 
is  situated  slightly  above,  the  surface  of  the  liquid,  which  shoidd 
be  caused  to  boil  rapidly.  The  liquid  may  be  contained  in  a 
simple  test-tube  fitted  with  a  cork  carrying  the  thermometer  and 
a  short  open  tube  for  the  escape  of  the  vapour.  A  small  tubulated 
flask  or  retort  may  be  substituted  for  the  test-tube.  When  the 
quantity  of  the  liquid  at  disposal  is  only  small,  the  test-tube 
should  be  thin  and  immersed  in  a  flask  half  filled  with  glycerin, 
paraffin,  sulphuric  acid,  or  other  suitable  liquid.  On  heating  the 
contents  of  the  flask,  the  thermometer  fitted  to  the  test-tube  con- 
tinues to  rise  till  the  boiling  point  of  the  liquid  is  attained,  when 
it  remains  stationary  till  the  latter  has  evaporated.  A  very  small 
quantity  of  liquid  (^  to  1^  c.c.)  suffices  for  the  determination  of 
the  boiling  point  in  this  manner. 

22.  In  accurate  detenninations  of  boiling  points,  attention  must 
be  paid  to  the  barometric  pressure  at  the  time,  and  the  errors  to 
which  the  thermometer  is  itself  liable  must  not  be  neglected.  For 
practical  purposes,  any  change  in  ordinary  atmospheric  pressure 
may  be  assumed  to  aflect  the  boiling  points  of  all  liquids  to  an 
equal  extent.  This  may  be  taken  as  0°*1  C.  for  a  variation  in  the 
pressure  of  2*7  millimetres  (  =  about  O'l  inch)  of  mercury.  Thus 
water  bods  at  a  temperature  of  100°  C.  under  the  standard  pressure 
of  760  mm.,  but  if  the  barometer  fall  to  733  mm.  the  boiling 
point  will  be  reduced  to  99°  C. 

23.  Distillation  is  a  process  of  which  there  is  no  occasion 
to^  give  a  detailed  description.  For  cooling  the  vapour  some 
form  of  liebig's  condenser  is  commonly  employed.  A  useful 
modification,  by  which  distillation  can  be  made  at  once  to  succeed 
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iligpstion,  without  retirrimgenient  of  the  Rpparatus,  hns  lieon  de- 
Bcritied  liy  W.  A.  Slicnstone  {J/mr.  Cliem.  Siie.,  xliii.  123). 

24.  Fractional  DiariLLATion  is  tin  iinaljtical  procees  closely 
related  to  the  iletenuiuation  of  the  boiling  and  suhliiuing  pointa  oF 
ornpmic  hodius,  and  hy  repeatinp  the  proceBs,  and  uoUeetiiig  vptA 
the  frnctiima  which  liiHtil  at  every  small  increase  of  t«mpe»bu^ 
very  perfect  Bcpnration  may  sometimeB  be  effected, 

25.  Wlien  only  n  stnall  ()iiantity  of  n  complex  Kqtiid  is  submitted 
to  fractional  distillation,  it  is  better  to  keep  the  bulb  of  the  theN 
niometer  wholly  immersed  in  the  liquid,  as  the  error  liable  to  bo 
cause^l  by  this  arrangement  is  far  lees  than  ensueit,  espeeiallf 
towanls  the  end  of  the  distillation,  from  the  temperature  of  Ih* 
residual  liquid  rismg  more  ra^tidly  tlian  the  thermometer  em 
acquire  the  tempci&ture  of  the  vapour. 

26.  In  conducting  a  fractional  distillation,  it  is  deairable  to 
operate  on  a  knowu  weight  or  measure  of  the  substance,  and  to 
note  the  proportion  of  the  whole  which  passes  over  at  .every  la* 
d^rees  of  rise  in  the  terajterature  of  the  ilietilting  liquid.  Delaik 
of  the  precautions  which  should  be  taken  to  ensure  constant  reanite 
will  be  fotmd  in  the  section  treatingof  the  assay  of  commercial  benMb. 

27.  rractionol  distillation  is  a  process  of  the  utmost  value  toK 
effecting  the  proximate  analysis  of  mixed  organic  substances  iA 
various  boiling  points.  Speaking  genendly,  the  first  portions 
which  distil  will  contain  the  greikter  part  of  the  more  volatile 
etituents  of  a  complex  fluid,  but  the  composition  of  the  distillate 
at  various  stages  o{  the  process  deiJenda  on  many  circurastanoeB 
besides  the  boiling  points  and  relative  proportions  of  the  constitaeats 
of  the  mixtiire  operated  u]Km. 

28.  WankljTi  lirst  showed  that  the  proportion  in  which  tha 
constituents  of  a  mixture  pass  over  depends  not  only  on  thajr 
relative  abundance  in  the  mixture  undergoing  distillation,  and  on 
their  respective  vajjour-tensions  at  the  temperature  of  ebuUJtioii^ 
but  also  on  their  mutual  adliesion,  and  on  the  densities  of  1' 
vapours.  He  foimd  that,  when  a  mixture  of  equal  weighta  of  two 
li(|uids  of  different  boiling  jwints  was  distilled,  the  quantity  of 
each  constituent  iu  the  distillate  was  proportional  to  the  product  oC 
its  vapour-density  and  vapour- tension  at  the  temperature  of  ebulli* 
tion  of  the  fraction.  Hence,  in  certain  cases,  the  less  volatile 
two  substances  may  ]iasB  over  most  rapidly — that  is,  be  found  in 
largest  quantity  in  the  first  fraction  of  tlie  distillate.  This  ia 
of  a  mixture  of  methyl  alcohol  (Ixiiling  at  65"2)  and  ethyl  iodide 
(boiling  at  72°).  If  the  vapour-tensions  and  vapour-densities 
the  two  liquids  are  inversely  proportional,  the  mixture  will  diatU 
unchanged. 
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29.  Carea  Lea  found  that,  on  distilling  a  mixture  of  the  hydro- 
chlorides of  ethylamine,  diethylamine,  and  triethylamine  with 
caustic  alkali,  the  whole  of  the  last  amine,  which  is  the  least 
volatile  of  the  three,  was  contained  in  the  first  portions  of  the 
distillate,  provided  that  its  proportion  was  not  excessive.  A 
similar  anomaly  is  observed  on  distilling  solutions  of  acetic  acid 
and  its  homologues. 

30.  Sometimes  anomalous  results  ensue,  owing  to  the  fact  that 
the  tension  of  the  mixed  vapours  is  never  equal  to  the  sum  of 
the  tensions  of  the  individual  vapours.  Berthelot  foimd  that 
if  a  mixtiu^  of  90*9  parts  carbon  disulphide  (boiling  at  46°*6), 
with  9*1  alcohol  (boiling  at  98°'4),  were  distilled,  it  behaved  as  a 
homogeneous  liquid.  If  either  of  the  constituents  were  present  in 
excess  of  the  above  proportion,  it  remained  in  the  retort  in  an 
unmixed  condition  after  the  definite  mixture  had  distilled  over. 
Thorpe,  again,  found  that  a  mixture  of  equal  volumes  of  methyl 
alcohol  and  carbon  tetrachloride  distilled  at  a  temperature  nearly 
10°  lower  than  that  of  the  boiling  point  of  the  most  volatile  con- 
stituent, and  the  carbon  tetrachloride,  which  has  the  higher  boiling 
point,  occurred  most  largely  in  the  first  fractions  of  the  dis- 
tillate. 

31.  In  cases  where  two  immiscible  liquids  are  distilled  together, 
the  boiling  point  is  the  temperature  at  which  the  sum  of  the 
vapour-tensions  is  equal  to  the  atmospheric  pressure.  Thus  benzene 
and  water  distil  together  at  69°'l,  at  which  temperature  l)enzene 
vapour  has  a  tension  of  533*7  mm.,  and  steam  224*2  mm.,  the 
sum  of  the  two  being  757*9  mm. 

32.  A  valuable  series  of  papers  on  the  theory  and  practice  of 
fractional  distillation  have  been  published  by  F.  D.  Brown  {Jour. 
Chem.  Soc,j  xxxv.  547  ;  xxxvii.  49. ;  and  xxxix.  304,  517). 

33.  From  a  consideration  of  the  foregoing  facts  it  will  be 
evident  that  a  complete  separation  of  a  complex  liquid  mto  its 
constituents  is  never  possible  by  a  single  fractional  distillation,  and 
that  in  certain  cases  it  is  impossible  even  by  repeating  the  operation 
a  very  great  number  of  times. 

34.  A  great  improvement  in  the  practice  of  fractional  distillation 
-was  made  by  Warren,  who,  in  his  researches  on  American 
petroleum,  employed  a  Liebig's  condenser  inclined  towards  the 
distilling  flask,  and  kept  at  such  a  temperature  as  to  cause 
condensation  of  the  less  volatile  constituents  of  the  mixed  vapour, 
while  those  of  lower  boiling  point  passed  on  to  a  condenser  kept 
cool  in  the  usual  way,  and  inclined  in  a  direction  oi)posite  to  the 
first. 

35.  Various   arrangements   have   been   devised   by  which   the 
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Fig.  8. 


vapour  of  the  distilling  liquid  is  partially  condensed,  and  succeed- 
ing portions  are  caused  to  be  washed  with  the  liquid  produced, 

which  periodically  runs  back  into  the  distilling 
ilask.  A  very  useful  arrangement  of  this  kind 
is  that  of  Le  Bel  and  Henningor  (fig.  3),  which 
consists  of  a  number  of  bulbs,  varying  from 
two  to  six,  blown  upon  a  tube,  which  is  fitted 
by  means  of  a  cork  into  the  mouth  of  the  flask 
containing  the  liquid  to  be  distilled.  The  upper 
end  of  the  tube  is  furnished  with  an  inclined 
side-tube,  which  can  be  fitted  by  a  cork  to  a 
Liebig's  condenser,  and  with  an  orifice  through 
which  a  thermometer  can  be  passed,  so  as  to 
observe  the  temperature  of  the  vapour  which  passes 
over.  Each  of  the  bulbs  is  connected  with  the 
one  below  by  means  of  a  small  side-tube.  Iii 
the  constriction  of  each  bulb  is  placed  a  small 
cup  of  platinum  or  copper  gauze,  of  the  size  and 
shape  of  a  small  thimble.  These  cups  are  made 
by  folding  the  gauze  over  the  end  of  a  stout 
glass  rod.  The  ascending  vapour  condenses  in  the  cups,  and 
thus  serves  to  wash  the  vapour  subsequently  formed,  as  it  bubbles 

through.  When  the  liquid  rises  to  a  certain 
height  in  each  bulb  it  nms  off  by  the  side- 
tube,  and  ultimately  finds  its  way  back  to  the 
distilling  flask,  the  flame  of  which  is  so  regulated 
as  to  keep  all  the  cu])s  full,  and  cause  the  distillate 
to  fall  from  the  end  of  the  tube  in  separate 
drops.  In  an  improved  form  of  dephlegmatory 
devised  by  Glynsky  (fig.  4),  the  "wire  gauze  is  re- 
placed by  hollow  balls  of  glass,  introduced  into  the 
bidbs  during  manufacture. 

36.  Hempel  {Jour,  Chem,  Soc,  xliL  551)  sub- 
stitutes for  the  more  complex  arrangement  a  long 
wide  glass  tube,  arranged  vertically  and  filled  witli 
solid  glass  beads.  By  this  contrivance  he  obtained 
alcohol  of  95  per  cent,  by  slowly  distilling  spirit 
of  18  per  cent. 

37.  L.  T.  Thome  {Jour.  Chem.  Sac.,  xliii.  301) 
has  described  an  apparatus  for  fractional  distilla- 
tion under  reduced  pressure  which  allows  the  distillate  to  be  with- 
drawn, when  desired,  without  interfering  with  the  vacuum. 

38.  The  subject   of   fractional  distillation   has   been   recently 
treated  in  an  able  paper  by  G.  Lunge  {Cheni.  Zeit^  L  896). 


Fig.  4. 
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30.  Beiraction  and  Dispersion  of  Organic  Bodies. 

— The  speciiiu  retraction  of  many  oiyunio  aubfilaiites  lias  been 
studieil  by  J,  H.  Gladatoue  (Phil.  Mmj.  [5],  xi.  64),  J,  V.  Janovsky, 
aoA  othsTs,  but  no  practical  appUt:atioii  has  been  made  of  their 
observations. 

40.  The  Absorption-Spectrum  of  an  organic  substanue 
occasionally  fnrnislips  infumialiou  not  to  Im  obtained  in  any  other 
way,  aud  in  thu  fxamination  of  Llooil  stains,  dye  materials,  and 
other  coloured  substances  is  often  of  giiMit  utility.' 

41.  The  Microspectbobcope. — For  nbseri-ing  the  absorption- 
spectra  of  oiganic  aubatances,  a  pocket  spectroscope  ivill  often  suffice, 
liut  it  is  far  better  to  employ  a  micros poctroscope,*  fur- 
nislied  with  a  proper  comparison  stage  and  reflecting  prism,  so  as 
to  allow  of  tile  spectrum  of  the  colouring  matter  imiler  examina- 
tion being  viewed  in  juxtapositiou  with  the  spectra  of  standard 
specimens  of  known  origin, 

42.  The  Fluorescence  of  organic  bodies  is  ofteu  a  ([ualita- 
tive  character  of  much  value.  It  is  absolutely  necessary  that  the 
liquid  to  be  obeerved  should  be  jifrfectli/  clear,  as  the  pressure  of 
minute  suspended  particles  often  causes  the  production  of  a 
spnrioua  fluorescence  which  may  lead  to  very  falloceous  con- 
<dasionB. 

43.  As  a  rule,  the  phenomenon  of  fluorescence  may  be  observed 
.ty  filling  a  small  test-tube  with  the  fluorescent  liquid,  holding  it  in 

vertical  position  before  a  window,  and  obscn'ing  the  liquid  from 

agEunst  a  dark  background.     Another  plan  is  to  make  a  thick 

^lAreak  of  the  liquid  on  a  piece  of  polished  jet  or  black  marble,  or 

a  glass  plate  smoked  at  the  biick,^  and  to  place  the  streaked 

iMuface  in  front  of,  and  at  right  angles  to,  a  well-lighted  window. 

Led  in  this  manner,  very  slight  fluorescence  is  perceptible, 

44.  In  some  cases,  the  following  metliod  of  observing  fluor- 
iMcence    may   be   advantageously  employed.     A  cell  is  made  by 

The  towarchcs  of  W.  N,  Hartley  sbow  that  mauy  culoui'lcss  organic  sub- 
ptodaca,  iu  tlie  ultm-viokt  portion  o£  tho  sjiectrum,  absorption-boaJs 
wluch  are  appartutlj  dependeat  oa  the  coaatitutiou  of  the  sabstuncea  (Juur, 
Chrni.  Sac.,  xlL  45,  and  Froe,  Hirij,  Soc,,  cxzii,  1).  Similarly,  Abnay  acd 
F«tlDg  Luve  proved  the  occnrrento  of  absoqition-bands  la  tho  ultra-red 
region.  Ho  practical  application  ot  these  uiterestiDg  and  Baggestire  factn  has 
litthert«  been  nade. 

•  A  very  aorricealjlo  instnimcnt  is  mado  by  J.  Browning,  Slmnil. 
■  GitJiei  of  these  is   infinitely  aupeiior   to  the  polished  tia  plate  iiiually 
In  atiurt,  the  biiekground  should  be  black,  not  white. 
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cementing  a  piece  of  barometer-tube  about  f  inch  in  length,  and 
having  an  internal  diameter  of  ^  inch,  to  a  glass  microscope-slide, 
by  means  of  black  sealing-wax.  The  open  end  of  the  cell  must  be 
well  polished.  On  introducing  a  clear  solution  of  any  fluorescent 
substance,  covering  the  cell  with  a  piece  of  thin  glass,  placing  the 
slide  on  the  stage  of  a  microscope,  illuminating  the  tul)e  at  the  side 
by  means  of  strong  daylight,  and  looking  down  and  observing  the 
axis  of  the  cell  by  a  low  microscopic  power,  the  liquid  will  appear 
more  or  less  turbid,  and  of  a  colour  dependent  on  the  nature  of 
the  fluorescent  substance  in  solution.  If  no  fluorescent  body  be 
present,  the  field  will  appear  perfectly  black,  as  no  light  is  reflected 
either  from  the  apparatus  or  the  liquid.  When  desired,  the 
spectrum  of  the  fluorescent  light  can  be  observed  by  the  micro- 
spectroscope.  In  some  instances  the  spectrum  thus  obtained  shows 
remarkable  and  characteristic  bands. 

45.  Doublo  RefiractioHi  as  observed  under  the  microscope 
by  means  of  polarised  light,  is  often  of  value  for  the  recognition 
of  organic  bodies.  In  addition  to  the  well-known  phenomena 
dependent  on  crystalline  form,  many  organic  substances  not 
actually  crystallised  exhibit  a  cross  and  series  of  rings  when  viewed 
by  polarised  light.  This  is  notably  the  case  with  many  of  the 
starches,  and  furnishes  a  valuable  means  for  their  discrimination. 

46  Rotation  of  the  Polarised  Ray.— Many  organic 

substances  possess  the  power  of  rotating  the  plane  of  polarisation 
of  a  lumhious  ray ;  and  as  tliis  property  is  exerted  even  by  the 
solutions  of  optically  active  substjinces,  the  angle  through  which 
the  rotation  occurs  often  serves  for  the  accurate  deten^ination  of 
certain  bodies.  The  method  is  employed  for  the  examination  of 
saccharine  matters,  turjientine,  certain  alkaloids,  &c. 

47.  Construction  of  Polarimeters. — In  all  forms  of  appa- 
ratus for  measuring  the  rotation  of  the  plan  of  polarisation  of  a 
luminous  ray,  the  p  o  1  a  r  i  s  e  r,  or  optical  means  of  obtaining  a 
beam  of  polarised  light,  consists  of  a  double-refracting  prism  of 
calcite.  In  some  cases  a  double-image  prism  is  used,  but  in  others 
the  extraordinary  ray  only  is  employed.  The  analyser  is 
composed  of  a  single-image  prism,  and  a  Galilean  telescope  is 
frequently  employed  as  an  eye-piece.  On  rotating  the  analyser 
tlirough  90°  the  field  beci^ies  perfectly  dark,  but  on  introducing 
between  the  analyser  and  polariser  a  tube  filled  with  sugar  solution, 
or  other  optically  active  liquid,  the  liglit  again  passes.  If  white 
light  be  used  the  transmitted  tint  varies  with  the  strength  of  the 
solution  pf  sugai*  and  the  length  of  the  tube  interposed,  and 
rotation  of  the  analyser  merely  causes  an  alteration  in  the  colour  of 
the  transmitted  light,  a  phenomenon  due  to  the  fact  that  rays  of 
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differing  refrangibility  are  rotated  unoqually.  If  monochromatiii 
light  be  em|i!i)ye(l,  a  certiiiii  angular  rotation  of  the  aoitlyser  will 
suffice  wholly  to  extinguish  the  light  from  the  field  of  view,  and 
hoROe,  by  measuring  tho  angle  through  which  the  analyser  must 
be  rotated  to  n-Btore  liarkneaa,  an  estimate  of  the  strength 
of  the  interjiosed  liquid  in  sugar  or  other  active  constituent 
may  he  obtained.  Quartz  is  well  known  to  possess  veiy  powerful 
I'otatory  action  on  ]K)lftri8ed  light,  a  plate  3"75  miUimotrea  in  thick- 
ness (  =  0'1'18  indi)  rotating  the  plane  of  polariaation  uf  the  mean 
yellow  ray  through  90  degrees.  Some  sjHtcimens  of  quartz  poaeess 
right-luiided  rotation,  and  others  are  IwDO-rotutory  to  an  equal 
cKtent  Hence,  a  double  plate  composed  of  equal  thicknesses  of 
the  two  varieties  possesses  no  rotatory  power.  If  n  ]>late  bu 
composed  iif  Bemicirulea  of  right  and  left-bauded  quartz,  each 
3'75  millimetres  in  thickness,  and  such  a  plate  he  placed  between 
the  Nicul's  prisms  while  their  principal  seetiuns  are  parallel,  the 
Held  l)e<»mes  tinted  of  a  peculiar  purple,  or  corn-flower  colour, 
known  as  the  fetut''  t/>i  jxu»aije  or  transition  tint.  The 
least  rotation  of  the  analyser  causes  one-half  of  the  circle  to  incline 
to  red  and  the  other  half  to  violet,  and  the  interposition  of  a  tube 
of  sugar  solution  or  other  rotating  liquid  produces  a  similar  etTect, 
while  to  restore  uniformity  of  tint  necessitates  u  rotation  of  the 
analyser  through  an  angle  dependent  on  the  strength  and  thickness 
of  the  [lolarising  liquid  used. 

48.  M.  SoleU  has  applied  tliese  principles  in  a  very  ingenious 
manner  in  his  well-known  saccharimoter,  the  construction  of  which 
is  illustrated  and  described  in  Watts'  Dictionary  of  Chemi»trij,  and 
other  standard  works.  Tlie  Soloil  instrument,  however,  shares 
with  all  others  dependent  on  an  observation  of  Che  transition  tint 
the  disadvantage  that  the  teinif  liu  passage  is  not  always  the  same 
for  different  eyes,  and  that  the  errors  inherent  in  the  construction 
of  the  instrument  become  greatly  intensilied  if  the  solution  under 
observation  bo  not  strictly  free  from  colour. 

49.  In  the  caae  of  coloured  liquids,  therefore,  or  in  the  event  of 
tlie  observer  being  somewhat  colour-blind,  it  is  far  better  to  employ 
some  instnmient  constructed  for  observation  with  the  monocliro- 
matio  sodium  flame.  In  the  poloriatrobometer  or  shadow-polori- 
scope  of  Wild,  a  Savart  double  plate  of  quartz  is  placed  behind  tlie 
analysing  priiou  and  the  solution-tube ;  the  field  appears  crossed  by 
dark  bands  or  strife  which  can  be  caused  to  disappear  by  rotating 
the  analyser,  so  that  at  the  conclusion  of  the  observation,  or  in  the 
absence  of  an  active  rottiting  substance,  the  field  appears  uiiifonn. 
T]i«  rotating  power  of  the  interposed  liquid  is  read  off  on  a  divided 
circle. 
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18  Laurent's  polarimetek. 

50.  In  using  this  and  other  polarimeters  employing  monochro- 
matic light,  the  source  of  illumination  is  a  bunsen  flame  rendered 
luminous  by  inserting  in  it  a  loop  of  platinum  wire  holding  a  bead 
of  sodium  carbonate,  or  a  platinum  trough  containing  previously 
melted  sodium  chloride.  An  advantageous  addition  is  a  trans- 
parent plate  of  potassium  bichromate  fixed  on  the  end  of  the 
instniment  nearest  to  the  flame. 

Hofmann's  sacchari  meter  is  an  instrument  very 
similar  to  Wild's. 

51.  Laurent's  polarimeter  is  one  of  the  simplest  and 
best.  It  is  the  instrument  employed  in  the  French  Governmfent 
laboratories  for  the  analysis  of  sugar.  One-half  of  the  field  of 
vision  is  covered  by  a  very  thin  plate  of  quartz,  which  allows  some 
of  the  light  to  pass,  even  when  the  analyser  and  polariser  (lx)th  of 
which  are  NicoFs  prisms)  are  crossed.  If  the  analyser  be  rotated 
so  as  to  cause  the  quartz  plate  to  become  dark,  light  passes  through 
the  uncovered  half  of  the  field.  In  a  position  intenuediate 
between  these  two,  the  two  halves  of  the  field  appear  equally  dark, 
and  this  is  the  zero  point  of  the  instrument.  The  slightest  devia- 
tion from  this  neutral  position  causes  one-half  of  the  field  to  appear 
darker  and  the  other  half  lighter  tlian  before.  Hence,  the  change 
is  a  double  one  and  the  instrument  very  sensitive.  Monochromatic 
light  must  be  used.  The  more  modem  instruments  have  the 
divided  circle  graduated  both  in  circular  degrees  and  sugar  units.^ 

52.  In  the  Jellett-Cornu  polarimeter  the  polariser 
is  a  peculiarly  cut  crystal  of  calcitc  known  as  a  Jellett's  prism,  the 
analyser  being  a  NicoL  At  a  certain  position  of  the  latter,  the  two 
halves  of  the  field  appear  equally  illuminated.  Monochromatic 
light  is  used,^  and  the  indications  are  read  off"  on  a  divided  circle. 

^  As  a  rule,  in  the  Wild,  Laurent,  and  Jellett-Cornu  polarimeters,  one-half 
the  circle  is  divided  into  circular  degrees,  the  other  half  bearing  a  sugar-acald. 
Thus,  the  Jellett-Coniu  instruments  made  by  Duboscq  have  100  divisions,  of 
snch  size  that  by  taking  16*350  grammes  of  the  sugar  sample,  each  divisioii  of 
rotation  represents  1  per  cent,  of  real  sugar.  The  Laurent  polarimeters  made 
by  Schmidt  &;  Haensch  of  Derlin  are  provided  with  the  Yentzke  scale,  for  use 
with  which  26*048  grammes  is  the  standard  quantity  of  sugar.  Ventzke- 
divisions  can  be  calculated  into  their  equivalent  in  Soleil-divisions  by  multi- 
plying by  the  factor  1  '593.  Sugar-units  may  be  translated  into  circular  degrees 
by  multiplying  the  value  of  S  for  the  light  used  by  the  rotation  observed,  and 
l^  twice  the  standard  weight  of  sugar,  and  dividing  the  product  by  10,000. 

^  The  use  of  monochromatic  light,  desirable  in  saccharimetry,  becomes 
absolutely  essential  for  obtaining  accurate  polarimetric  determinations  of  tar- 
taric acid.  This  is  due  to  the  fact -that  Biot's  law,  that  the  angles  of  rotation 
for  the  different  simple  colours  are  proportional  to  the  squares  of  the  indicos 
of  refraction  and  inversely  as  the  squares  of  the  wave-lengths,  is  true  of  quartz 
and  saccharine  liquids,  but  does  not  hold  good  for  tartaric  acid  solutions. 
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53.  Another  very  ingenious  and  highly  accurate  method  has 
been  described  by  B  r  o  c  h.  It  consists  in  observing  the  spectrum 
of  the  polarised  light  after  transmission  tlirough  the  optically  active 
liquid.  A  spectroscope  is  employed,  having  a  NicoFs  prism  behind 
the  slit,  and  a  similar  prism  as  analyser,  the  solution-tube  being 
placed  between  them  in  the  usual  manner.  The  light  is  then 
refracted  by  a  prism,  and  then  observed  through  a  telescoj^e  in  the 
usual  way.  A  dark  band  appears  on  the  spectrum  owing  to  the 
complete  absorption  of  the  light  of  some  particular  wave-lengtlt 
The  position  of  the  band  depends  on  the  rotatory  i3ower  exerted  by 
the  solution,  and  it  gradually  shifts  from  one  end  of  the  spectrum 
to  the  other  as  the  analyser  is  rotated.  The  observation  is  made 
by  adjusting  the  vertical  spider-line  in  the  eye-piece  of  the  telescope, 
80  that  it  coincides  in  position  with  the  Fraunhdfer  line  D,  and 
the  analyser  is.  then  rotated  until  the  centre  of  the  black  band  is 
coincident  with  the  spider-line.  The  light  used  is  either  sun-light 
reflected  from  a  heliostat,  or  a  luminoiui  gas  or  lamp-flame  contain- 
ing a  bead  of  sodium  chloride  or  carbonate. 

54.  Professor  J  e  1 1  e  1 1  has  devised  a  form  of  instrument  in 
which  the  rotation  produced  by  an  active  solution  is  neutralised  by 
that  of  turpentine  of  the  opposite  kind.  A  rack-work  arrange- 
ment allows  the  length  of  turpentine  passed  through  to  be  varied 
as  required,  and  the  indications  are  read  off"  on  a  scale.  The 
instrument  is  fully  described  in  Thudichum  and  Dupre's  work  on 
"  Wine,"  and  is  stated  to  give  very  accurate  results. 

55.  Before  using  the  polarimetcr  the  observing  tube  should  be  filled 
with  distilled  water  and  placed  in  position  between  the  polarising 
and  analysing  prisms,  wliich  are  then  to  be  adjusted,  so  that  the 
latter  shall  be  at  the  zero  point  of  the  scale  when  there  is  no  optical 
disturbance  of  the  field.  The  tiibe  is  tlien  filled  with  the  solution 
to  be  tested  and  replaced  between  the  polariser  and  analyser,  when, 
if  it  contain  an  active  substance,  an  optical  disturbance  will  be 
observed,  the  extent  and  direction  of  which  will  depend  on  the 
amoimt  and  nature  of  the  rotating  substance  under  examination. 
The  polarimeter  is  then  adjusted,  so  that  the  neutral  point  is  reached, 
or,  in  other  words,  so  that  the  optical  disturbance  produced  by  the 
introduction  of  the  rotating  liquid  is  compensated,  when  the 
rotation  required  to  produce  this  effect  is  read  off"  and  recorded. 
From  the  circular  rotation  observed,  the  specific  rotatory  power  of 
the  substance  may  be  calculated  in  the  manner  described  in  the 
next  paragraph. 

Full  directions  for  the  preparation  of  the  solution  and  the  practi- 
cal management  of  the  polarimeter  will  be  found  in  the  section  on 
the  "  Action^bf  Sugars  on  Polarised  Light." 
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Specific  Rotatory  Power. 

56.  The  specific  rotatory  power  of  an  optically  active  substance 
is  the  angular  rotation  exerted  by  it  on  a  ray  of  polarised  light 
which  is  caused  to  traverse  a  thickness  of  1  decimetre  (  =  3*937 
inches)  of  the  pure  substance. 

57.  The  dbsolide  specific  rotatory  power  of  a  solid  substance  can 
only  be  observed  if  the  body  be  obtainable  in  thick  slices  of  con- 
siderable transparency.  In  default  of  these  rarely  attainable 
conditions,  it  is  necessary  to  operate  on  a  solution  of  known  con- 
centration, and  from  the  sermhle  or  apparent  specific  rotatory 
power  observed,  to  calculate  the  absolute  rotatory  power  of  the 
solid  substance. 

58.  The  sensible  specific  rotatory  potcer  of  an  active  body  is 
often  seriously  affected  by  change  of  temperature  or  by  the  concen- 
tration of  the  solution.  In  some  cases  the  rotation  is  increased 
and  in  others  diminished  by  dilution,  so  that  the  value  obtained 
for  a  given  solution  does  not  represent  the  absolute  specific  rotatory 
power  of  the  pure  substance,  but  differs  from  it  to  an  unknown 
extent,  which  is  dependent  on  the  influence  which  may  be  exerted 
by  the  optically  inactive  solvent.  The  statement  of  the  specific 
rotatory  power  of  a  body  in  solution  is  therefore  of  value  only 
when  the  strength  of  the  solution  and  the  nature  of  the  solvent  are 
also  given.  Moreover,  Oudemaims  has  shown  that  the  influence  of 
two  solvents  is  often  very  different  from  that  of  either  alone.  Thus, 
a  solution  of  cinchonine  in  absolute  alcohol  has  a  rotatory  power 
of  +228°  for  the  D  line,  while  the  chloroform  solution  rotates 
+  212°  only.  Yet  a  solution  of  equal  strength  in  a  mixture  of  87 
per  cent,  of  chloroform  and  1 3  per  cent,  of  alcohol  has  a  rotation  of 
+  237V 

For  various  reasons  the  most  accurate  results  are  obtainable  by 
working  with  highly  concentrated  solutions,  and  hence  a  liquid 
shoidd  be  chosen  which  possesses  a  high  power  of  solution  for  the 
optically  active  body. 

The  foregoing  considerations  have  not  hitherto  received  the 
consideration  they  deserve,  to  which  circumstance  is  probably 
attributable  the  discordant  statements  on  record  as  to  the  rotatoiy 
power  of  various  optically  active  bodies.  ^ 

59.  The  sensible  or  apparent  specific  rotatory  power 
of  a  substance  is  found  by  dividing  the  angular  rotation 

^  Tollens  has  found  that  solutions  of  cane  sugar  in  methyl  alcohol,  ethyl 
alcohol,  and  acetone  exhibit  sensibly  higher  rotatory  power  than  aqueous  sola* 
tions  of  the  same  strength. — Ber,  xiii.  2297. 

*  Further  information  on  this  interesting  subject  will  be  found  in  Wfttt*s 
Dictionary  of  Chemistry,  vol.  viii.  p.  1209  et  seq,  ^ 
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observed  in  the  polarimeter  (a)  by  the  length  of  the  tube  in 
decimetres  (/),  and  by  number  of  grammes  in  1  a  c.  of  the  liquid 
This  last  figure  is  one-hundredth  of  the  concentration  (/;), 
or  grammes  per  100  ac.  of  the  liquid.  Thus,  if  S  represent  the 
specific  rotatory  power,  then — 


S  =  — 
Ix 


100a 
Ixc 


100 


60.  In  all  determinations  of  specific  rotatory  power  it  is  neces- 
sary to  take  into  accoimt  the  refrangibility  of  the  light  employed 
for  the  observation.  Formerly,  an  approximately  monochromatic 
light  was  obtained  by  interposing  a  plate  of  deep  red  glass,  the 
rotation  observed  being  taken  as  that  of  "the  red  ray."  The  use 
of  a  bunsen  flame  in  which  a  compound  of  sodium  is  heated, 
affords  a  strictly  monochromatic  light  of  the  refrangibility  of 
Fraimhofer's  line  D  in  the  solar  spectrum.  When  the  corn-flower 
or  transition  tint  is  observed  the  results  correspond  closely,  in  the 
case  of  sugar  solutions,  with  those  obtained  by  observing  the 
rotation  of  the  "mean  yellow  ray."  This  is  duo  to  the  teinte  du 
passage  being  complementary  to,  and  hence  equally  rotated  with, 
the  mean  yellow  ray.  In  consequence  of  the  difference  in  the 
rotating  action  of  circidarly  polarising  liquids  on  rays  of  varying 
refrangibility,  it  is  desirable  always  to  state  the  nature  of  the 
light  used  This  is  usually  done  by  aflfixing  a  small  letter  as 
index  to  the  number  expressing  the  specific  rotatory  power  of 
the  substance.  Thus  [ajn  is  symbolical  of  the  specific  rotatory' 
jx)wer  for  the  mean  red  ray;  [a]j  for  the  mean  yellow,  or  transi- 
tion tint;  and  [a]D  for  the  monochromatic  light  of  incandescent 
s  nlimn  vapour.  These  symbols  being  somewhat  clumsy,  the  author 
has  suggested  their  replacement  by  the  symbols  Sb,  Sj,  and  Sd. 


Colour  of  Ray. 

Angular  Rotation. 

Extreme  red 
Bed  glass  (Cu^O) 
Limit  of  red  and  orange 

„       orange  and  yellow 
Mean  yellow 
Limit  of  yellow  and  green  . 

„       green  and  blue 

„        blue  and  indigo     . 

„       indigo  and  violet  . 
Extreme  violet  . 

Oeiirrecfl.     Minutes.    Seconds. 

17  29             47 

18  25              0 
20            28            47 
22            18            49 

24  0              0 

25  40            31 
30              2            45 
34            34            18 
87            51            58 
44             4            58 
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RELATION  OF  ROTATION  TO  REFRANGIBILITY. 


61.  The  preceding  table  by  Biot  sliows  the  rotation  of  rays  of 
(lifterent  refrangibilities  produced  by  a  plate  of  quartz  1  millimetre 
in  thickness. 

62.  The  following  values  have  been  found  by  Broch  for  the 
rotation  produced  by  a  thickness  of  1  millimetre  of  quartz  on 
light  of  the  refrangibilities  of  the  chief  lines  of  the  solar 
spectrum : — 

B.  C.  D.  E.  F.  G. 

15°  18'      17^  15'      21°  40'      27°  48'      32°  30'      42°  12' 

Girard  and  De  Luynes  have  recently  determined  with  great 
care  the  deviation  produced  by  a  plate  of  quartz  1  millimetre  in 
thickness,  and  find  an  angidar  rotation  of  21°  48'  =  21°'8  for  light 
of  the  refrangibility  of  the  sodium  line  D,  the  possible  error  not 
exceeding  4'= '07°. 

63.  In  the  following  table  are  given  the  apparent  specific 
rotatory  powers  of  some  of  the  more  important  optically  active 
organic  substances.  The  letters  refer  to  the  refrangibility  of  the 
light  employed,  D  signifying  the  sodium  ray;  andj  (Jaune)  the 
mean  yellow  or  transition  tint  The  relations  of  these 
values  to  each  other  m  the  case  of  quartz  are  indicated  in  the  last 
paragraph,  but  they  have  different  ratios  in  the  case  of  other 
optically  active  substances: — 

Table  of  Apparent  Specific  Botatory  Power  of  Orfiranic  Bodies. 


Active  Substance  in 
Solution. 


Egg  albumin     . 
Seram  albumin 
Coagulated  albumin 
Casein 
Amygdalin 
Amylic  alcohol 
Valeric  acid 
Camphor  . 
Camphoric  acid 
Tereoenthene    . 
Austra-terebentbene 
Iso-terebenthene 
Cholesterin 
Glycocholic  acid 
TaurochoUc  acid 
Tartaric  acid 
Tart,  ammonium 
Malic  acid 
Santonin  . 


1 
Specific  Rotatory  Power. 

Formula. 

Nature  of 
Solvent. 

1 

D. 

1      'J. 

1 

■  •  • 

Water 

-85-6 

•  •  • 

•  •  • 

Water 

-66-0 

•  •  • 

■  •  • 

Potassa 

-68-5 

•  •  ■ 

•  •  • 

Potassa 

-91-0 

•  «  • 

C»H„NOi, 

crH,.o 

Water 

•  •  • 

-85-5 

•  •  • 

-4-38 

■  •  • 

^10  "16^ 

•  •  • 

+  4-2 

•  •  • 

Alcohol 

db42'8 

±47-4 

^lO^ltPi 

Water 

•  •  • 

±38-9 

CioHjg 

•  •  • 

-40-3 

•  •  • 

^10"1« 

•  ■  ■ 

+  21-6 

■  •  • 

^20 1^84 

•  •  « 

-10-6 

•  •  • 

C„H«0 

Alcohol 

-31-6 

•  •  • 

C26^43^^« 

C«.H«NS07 

Alcohol 

+  29-0 

•  •  • 

Alcohol 

+  253 

Water 

±9-6 

C,HA(NH,), 

Water 

±29-0 

C^H^O. 

Water 

-50  0 

Alcohol 

-  280  at  20'  0. 
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From  tliis  tabic  tlu?  carlnjliydrates  and  all'alouh  are  omitted,  as 
their  rotatory  action  will  be  considered  fully  in  other  sectiona 
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64.  When  organic  substances  are  heated  to  redness  in  the  air 

or  in  presence  of  oxygen-yielding  sul)stances,  they  are  generally 

completely  oxidised,  the  carbon    being  burnt   to  carlx^n  dioxide, 

and  the    hydrogen  to  water.     Nitrogen  is  evolved  for  the  most 

l)art  in    the  free  state,  Init  in  some  ctuses  partly  in  combination 

with  oxygen.     Sidphur  and    phosphorus  are  also    converted  into 

oxides,  and  the  same  is  true  of  such  of  the  metals  as  combine 

i^dth  oxygen    at    a  red  heat.     A  few  substances,  such   as  potas- 

Bium  cyanate,  resist  the  action  of  dry  air  at  a  red   heat.     Sul)- 

stances    containing  the  metals  of   the  alkalies  or  alkaline  earths 

in  the  form  of  salts  of  orgjinic  acids,  leave  these  metals  in  the 

:fonn  of  carbonates;^   hence  the  carbon  dioxide  evolved  in  the  form 

of  gas  will  be  less  than  that  corresponding   to  the  total  carbon 

1)re8ent. 

65.  Although  an  elementary  analysis  is  freipiently  the  most 
fiatisfactory  mode  of  estal)lishiiig  the  c<^mi>osition  and  even  the 
identity  of  an  organic  substance,  it  is  subject  to  gnivi!  disad- 
vantage's; for,  as  it  merely  determines  thci  total  amount  of  the 
elements  present,  it  affords  no  clue  t<^)  the  arrangement  of  the 
atoms,  and  in  many  cases  does  not  even  give  the  numl)er  of 
atoms  of  each  ehiment  present.  Thus,  the  percentage  of  car])on 
and  hydrogen  in  an  organic  substtmce  having  been  duly  de- 
termined, there  would  still  be  no  indication  which  of  the  in- 
dividual members  of  the  particular  group  of  bodies  it  might 
represent. 

For  examj^le:  suppose  that  a  substance  when  analysed  has  been 
found  to  contain — 

C  =  85*74  per  cent. 
H=  14-28       „ 


10000 


Dividing  in  each  case  the  percentages  of  carlx)n  and  hydrogen 
by  their  n»spective  atomic  weights,  we  arrive  at  CHg,  as  the 
simplest  possible  representation  of  the  substance  analysed.  But 
this  is  the  general  expression  for  the  large  group  of  hydrocarbons 

^  In  a  few  instances  other  salts  may  be  left.     Thus,  sodium  sulphophenate 
leaves  sodium  sulphate  on  ignition. 
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called  defines,  and  the  method  is  quite  incompetent  to  tell  us 
whether  the  substance  examined  really  consisted  of  CjH^  ethy- 
lene; CgHg,  propylene;  C^Hg,  butylene;  CgHj^,  amylene;  or  of 
any  other  member  of  the  same  homologous  series  expressed  by  the 
general  fonnula  CnH^n. 

Again,  suppose  the  substance  was  found  by  analysis  to  have  the 
following  composition  : — 

C  =  40-00  per  cent. 
H=   7-27 
0=52-73 


100-00 


These  figures  correspond  to  the  empirical  formula  CH^O,  or 
a  multiple  of  this,  and  from  the  results  of  the  elementary  analysis 
aloney  it  might  still  be  any  one  of  the  following  bodies  : — 

^  CH^O      =  Methylic  aldehyde. 
CgH^Og  =Ethylenic    ether;     acetic   acid;    methyl 

p  TT   ^  J  formate. 

n    2n   n  ~  j  CgH^Og  =  Lactic  acid ;  paralactic  acid ;   hydraciylic. 

acid ;  methyl  glycollate. 
^  C^HjgOg  =  Dextrose ;  Isevulose;   &c. 

66.  Another  serious  difficulty  which  afTects  ultimate  oiganic  ana- 
lysis is  the  necessity  for  extreme  purity  of  the  sul)stanee  analysed,  as 
a  mixture  of  two  bodies  will  give  figures  which  baffle  all  attempts 
at  interpretation.  On  the  other  hand,  it  might  be  supposed  that 
the  fact  that  an  elementary  analysis  yielded  figures  closely  in 
accordance  with  theory  was  in  itself  a  guarantee  of  the  purity  of 
the  boily  analysed.  This,  however,  is  by  no  means  xmiversaUy 
the  case.  In  the  first  place,  small  proportions  of  foreign  matter 
altogether  escape  detection,  and  in  special  crises  as  much  as  10 
j)er  cent,  or  more  of  a  common  impurity  will  scarcely  show  itself 
in  the  percentages  of  carbon  and  hydrogen  obtained.  Thus  the 
presence  of  10  per  cent,  of  common  alcohol  in  ethyl  acetate 
would  cause  a  difference  in  the  percentage  of  carlx)n  of  but  0*23 
per  cent,  and  in  the  hydrogen  of  0*40  per  cent  Similarly,  10 
j)er  cent  of  amylic  alcohol  in  amyl  acetate  would  cause  a  variation 
of  but  0*37  per  cent  in  the  carlx)n,  and  0*28  per  cent  in  tlie 
hydrogen. 

Hence  the  value  of  elementary  analysis  as  a  means  of  chemically 
examining  and  assaying  commercial  organic  products  is  compara- 
tively limited,  though  for  the  purposes  of  original  organic  research 
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it  is  simply  irreplaceable.  As  this  work  is  intended  rather  for  use 
in  the  commercial  laboratory  than  for  employment  by  the  student 
in  search  of  new  organic  bodies,  and  as  every  text-book  already 
published  contains  a  description  of  the  ordinary  methods  of  making 
an  organic  combustion,  it  is  unnecessary  to  give  the  details  hert^, 
and  to  describe  the  methods  at  any  length  without  working  details 
would  merely  be  waste  of  space. 

The  following  general  outlines  may,  however,  be  found  of  service 
in  enabling  a  suitable  method  of  analysis  to  be  chosen. 

67.  Carbon  and  Hydrogen  are  determined  by  igniting 
the  substance  with  dry  oxide  of  copper,  with  or  without  the  assist- 
ance of  a  stream  of  oxygen  or  purified  air.^  The  resultant  water 
is  absorbed  by  sulphuric  acid  or  dry  calcium  cliloride,  and  the  car- 
bon dioxide  by  soda-lime  or  solution  of  caustic  potash.  In  jiresence 
of  sulphur,  chlorine,  bromine,  iodine  or  light  metals,  chromate  of 
lead  is  substituted  for  the  cupric  oxide.*  Merciuy  is  liable  to 
distil  over  into  the  water-absorption  appai-atus.  In  presence  of 
nitrogen  the  anterior  part  of  the  tube  is  filled  with  metallic  copper. 
Silver  may  be  substituted  for  the  copper,  and  has  the  advantage 
that  it  retains  chlorine  and  other  haloid  elements,  but  a  very  high 
temperature  should  be  employed.  W.  H.  Perkin  recommends  the 
use  of  potassium  chromate,  either  granulated  or  absorbed  by  precipi- 
tated manganese  dioxide.  Oxides  of  sulphur  are  absorbed  by  this 
mixture  (Joitr.  Chem,  Soc.\  xxxvii.  121,  457). 

68.  Nitrogen  may  be  detected  by  heating  the  substance  (if 
a  liquid  absorbed  by  asbestos  or  sand)  with  metallic  sodium  in  a 
narrow  test-tube.  Cyanide  is  formed,  and  may  be  dissolved  out 
with  cold  water.  The.  filtered  liquid  should  be  treated  with  a 
drop  each  of  ferrous  sulphate  and  ferric  chloride  solutions,  and  then 
acidulated  with  hydrochloric  acid,  when  a  deep  green  coloration  or 
Prussian-blue  precipitate  will  indicate  the  formation  of  a  cyanide. 

69.  Most  organic  compounds  give  off  the  whole  of  their  contained 
nitrogen  in  the  form  of  ammonia  on  ignition  with  soda-lime.  If 
rich  in  nitrogen,  an  addition  of  sugar  shoidd  be  made  to  the  soda- 

^  F.  Kopfer  has  described  an  apparently  excellent  method  of  organic  analysis 
by  burning  the  substance  in  oxygen,  and  passing  the  products  of  combustion 
over  metallic  platinum  {Jour.  Chem.  Soc.,  xxix.  660).  Dupre  has  described 
a  plan  of  determining  very  small  quantities  of  carbon  {Jour.  Chem.  Soc.^ 
XXXV.  p.  159. 

'  Schwartz  and  Pastrovich  {Chem.  News,  xliii.  39)  recommend,  for  the  com- 
bustion of  organic  compounds  of  the  light  metals,  an  ingenious  process  based 
npon  the  ignition  of  the  substance,  mixed  ^ath  excess  of  pure  chromic  oxide, 
in  a  current  of  oxygen.  A  chromate  of  the  metal  remains  in  the  boat,  the 
whole  of  the  carbon  being  converted  into  carbon  dioxide.  The  method  appears 
capable  of  very  general  application* 
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lime,  on  each  side  of  the  substance  to  be  analysed,  so  as  to  exi)oI 
the  air  as  completely  as  j^ssible.  Gniber  has  shown  {Jour, 
Chem,  Soc,  xl.  451)  that  the  alleged  inaccuracy  of  the  soda-lime 
process  for  the  generality  of  nitrogen  estimations  is  without  founda- 
tion, provided  that  proper  precautions  be  observed. 

70.  Some  nitrogenised  bodies,  such  as  indigo,  yield  volatile 
organic  bases,  instead  of  annuonia,  on  ignition  with  soda-lime. 
These  all  resemble  ammonia  in  the  fact  that  their  hydrochlorides 
form  double  salts  with  platinic  cliloride.  Which  on  ignition  leave 
194-87  parts  of  Pt  for  28  of  X. 

71.  Nitro-miMitution  cojnjjrmndfitj  such  as  picric  acid,  do  not 
evolve  the  whole  of  their  contained  nitrogen  in  the  form  of  ammonia 
when  ignited  with  soda-lime.     Addition  of  sugar  improves  the  residt.^ 

72.  Cyanogen  compomuls  may  l>e  analysed  by  ignition  with  soda- 
lime,  if  a  high  temperature  be  ultimately  employed  The  use  of 
sugar  is  desirable. 

73.-4  (janai'al  process  for  the  determination  of  nitrogen  in 
organic  bodies  consists  in  combustion  with  oxide  of  copper,  ])assing 
the  gaseous  products  over  red-hot  metallic  copper  or  silver,  absorj)- 
tion  of  the  carbon  dioxide  and  water  by  solution  of  ix)tash,  and 
meiisurement  of  the  residual  gaseous  nitrogea  An  improved 
apparatus  for  collecting  and  measuring  t"he  nitrogen,  and  method 
of  conducting  the  combustion  generally,  has  been  described  by 
C.  E.  Groves  (Jour.  Chein.  Soc,  xxxvii.  500).  Gruber,  Johnson 
and  Jenkins  {Cliein,  NeicSy  xlvii.  146;  1.  191),  and  others  have 
proposed  modifications  of  Dumas'  general  process.  V.  Meyer  has 
found  that  in  the  case  of  nitrogenous  bodies  containing  much 
sidphur  it  is  necessar}'  to  replace  the  oxide  of  copper  by  a  thick 
layer  of  lojul  chromate,  and  to  conduct  the  combustion  very  slowly. 
The  nitrogen  obtained  should  be  tested  for  carbon  monoxide  (Jour. 
Soc.  Chem.  Iml.,  iii.  455). 

7  4.  Chlorine^  Bromine^  and  Iodine  may  be  detected 

^  J.  Ruffle  (Jour.  Chem.  Soc.,  xxxix.  87)  recommends  the  addition  of  sodiam 
thiosolphate  to  the  soda-lime  when  the  nitrogen  of  nitro- compounds  is  to  be 
determined.  His  results  are  very  satisfactory.  A.  Guyard  {Chem,  News,  xlv. 
159)  recommends  the  addition  of  sodium  acetate,  and  claims  that  by  this  means 
the  whole  of  the  contained  nitrogen,  in  whatever  form  it  existed,  is  obtained 
as  ammonia.  C.  Arnold,  however,  finds  neither  Ruffle's  nor  Guyard's  method 
to  be  wholly  satisfactory.  His  best  results  were  obtained  by  a  combination  of 
the  two,  in  which  the  substance  was  burnt  with  a  mixture  of  equal  parts  of 
anhydrous  sodium  acetate,  sodium  thiosulphate,  and  soda-lime  {Repert,  AnaL 
Chcni.,  1882,  p.  21).  For  the  method  adopted  by  the  German  Manure  Manu- 
facturers* Association  for  determining  the  nitrogen  in  manures,  see  the  Chemi- 
cal NewSy  1.  180. 
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by  igniting  the  substance  in  a  stream  of  hydrogen,  and  passing 
the  gas  into  nitrate  of  silver.  They  may  be  determined  by 
ignition  with  excess  of  pure  quicklime  and  pounded  glass,  with 
subsequent  conversion  into  silver  salts.  Mulder  and  Hambui^er 
prepare  the  quicklime  by  igniting  precipitated  calcium  carbonate 
in  a  stream  of  pure  hydrogen.  In  some  cases  (e.fj.  the  analysis  of 
benzene  hexarchloride)  ignition  with  lime  alone  does  not  give 
correct  results,  but  by  using  a  mixture  of  lime  and  potassium 
nitrate  all  the  chloride  is  obtained  in  a  form  precipitable  by  silver 
solution.  Another  good  method  is  based  on  ignition  of  the  sub- 
stance with  ferric  oxide,  with  subsequent  conversion  to  silver  salts 
(Kopp.,  Deut,  Chern.  Ges.  Bar.,  viii.  769,  and  Klobukowski,  x. 
290.)  Carius  heats  the  substance  to  be  analysed  in  a  sealed  tube, 
with  fuming  nitric  acid  and  silver  nitrate.  The  method  gives 
good  results,  but  the  risk  attending  the  bursting  of  the  tube, 
the  uncertain  period  during  which  the  tube  must  be  heated  to 
ensure  complete  decomposition,  and  the  semi-molten  condition 
in  which  the  precipitate  is  often  obtained,  are  objections  to  the 
procesa 

75.  Plimpton  and  Groves  (/(!>wr.  Cheiu,  Soc.,  xlil  120)  determine 
the  halogens  in  volatile  organic  bodies  by  burning  the  substance 
gradually  in  a  bunsen  flame,  placed  un*der  a  trumpet-shaped  tube, 
and  absorb  the  products  of  combustion  in  solution  of  caustic  soda, 
which  is  subsequently  acidulated  with  nitric  acid  and  precipitated 
by  nitrate  of  silver.  The  test  analyses  by  this  method  are  highly 
satisfactory,  and  the  process  is  rapid  and  simple. 

76.  Siilphur,  Phosphorus^  and  Arsenic^   may  be 

detected  by  igniting  the  substance  with  pure  soda-lime  mixed  with 
an  oxidising  agent,  such  as  nitre,  chlorate  of  potassium,  or  mercuric 
oxide.  The  residue  is  tested  for  sulphates,  phosphates,  and  arseni- 
ates.  The  process  may  be  made  quantitative.  Another  method  is 
to  heat  the  substance  in  a  sealed  tube  with  nitric  acid  of  1  '2  sp. 
gr.  The  sulphur,  phosphorus,  and  arsenic  are  converted  respectively 
into  sulphuric,  phosphoric,  and  arsenic  acids. 

Sulphur  and  the  halogens  may  also  be  detected  by  heating  the 
snbstance  with  sodium,  which  converts  them  into  sidphide,  chlorid(j, 
&C.,  capable  of  ready  recognition. 

77.  Metdils  usually  remain  in  the  residue  obtained  on  igniting 
the  organic  substance  in  the  air.  Metals  of  the  alkalies  and  alkaline 
earths  are  usually  left  as  carbonates,  but  sometimes  more  or  less 
completely  as  sulphates,  phosphates,  cldorides,  &c.     Heavy  metals 

^  A  comprehensive  and  apparently  accurate  method  for  determining  these 
elements  has  been  described  by  Brugelmann  {Zeits.  AnaL  Chtni.,  xvL  1, 
and  Jaur.  Chem.  Soc.,  xxxi.  739). 
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are  usually  left  as  oxides,  except  silver,  gold,  and  platinum,  which 
wiU  remain  in  the  free  state.  Arsenic,  antimony,  and  other 
metals,  when  existing  in  volatile  compounds,  may  he  completely 
volatilised. 

78.  Mercury  will  he  wholly  volatilised.  It  may  be  determined 
in  all  instances  by  igniting  the  substance  with  soda-lime,  and  col- 
lecting and  weighing  the  mercury  which  distils  over. 

79.  Oxygen  may  bedetected  in  oi^ganic  bodies  containing 
it  by  ignition  in  a  stream  of  hydrogen,  when  water  will  be  formed. 
By  igniting  the  substance  in  a  stream  of  chlorine,  or  in  admixture 
with  potassium  chloroplatinate,  carbon  dioxide  will  be  formed  if 
oxygen  be  present  Hydrochloric  acid  and  chlorine  may  be 
respectively  absorbed  by  solutions  of  lead  nitrate  and  stannous 
chloride,  and  the  carbonic  acid  passed  into  baryta  water  or  potash 
solution.  In  the  great  majority  of  cases  the  oxygen  of  organic 
bodies  is  determincfl  "by  difference." 


BEHAVIOXJB    OF     ORGANIC     BODIES    WITH 
SOLVENTS. 

80.  In  the  proximate  analysis  of  plants  and  other  complex 
substances  of  organic  origin,  a  systematic  treatment  with  solvents  is 
a  most  valuable  means  of  separating  different  classes  of  bodies 
from  each  other.  The  systematic  use  of  solvents  has  been  worked 
out  very  thoroughly  by  Dragendortf  and  others,  whose  methods 
will  be  described  in  greater  detail  in  futim?  sections.  In  proxi- 
mate organic  analysis  only  a  limited  use  is  made  of  the  stronger 
acids  so  largely  employed  in  mineral  analysis,  while  the  use  of 
alcohol,  ether,  chloroform,  and  other  physical  solvents  is  greatly 
extended. 

81.  Exhaustion  of  Organised  Tissues  by  Sol- 
vents.— In  assaying  commercial  organic  substances  it  is  often  re- 
quisite to  effect  as  perfect  an  exhaustion  as  possible  of  an  organ- 
ised tissue  of  some  active  principle  or  valuable  constituent  existent 
therein.  This  is  the  case  in  the  assay  of  cinchona  barks  for 
idkaloid,  of  seeds  and  oil-cakes  for  oil,  and  of  sugar-cane  and  beet- 
root for  sugar.  In  such  cases  the  cells  which  contain  the  principles 
to  be  extracted  are  only  incompletely  ruptured  by  the  most  care- 
ful poimding  or  crushing  of  the  sample,  and  hence  solvents  can 
only  act  on  the  contents  through  the  cell  walls,  and  the  resultant 
solution  can  only  pass  tlirough  the  cell  walls  by  diffusion.  This 
often  renders  the   process   of   exhausting  organised    tissues   very 
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tedious,  while  the  difficulty  is  enhanced  by  the  fact  that  economy 
and  convenience  of  subsequent  treatment  often  render  it  desirable 
or  necessary  to  use  a  very  limited  quantity  of  solvent.  Under 
these  circumstances,  an  apparatus  which  will  act  almost  auto- 
matically, and  allow  of  complete  exhaustion  by  a  small  quantity 
of  solvent,  possesses  great  advantages. 

82.  Soxlllet'S  Tubo. — For  the  automatic  exhaustion  of  a  sub- 
stance by  a  volatile  solvent,  no  better  arrangement  has 
been  described  than  an  ingenious  device  of  Soxhlet's 
(fig  5).  The  substance  to  be  extracted  is  enclosed  in 
a  plaited  filter  or  cylinder  of  filter  paper,  or  if  it  be 
coarse  it  is  sufficient  simply  to  place  it  loose 
in  a  large  test-tube,  having  an  aperture  at 
the  bottom  closed  by  a  plug  of  glass- wool 
Thus  arranged,  the  tube  or  filter  with  its 
contents  is  placed  in  a  Soxhlet  tube,  having 
a  little  glass-wool  at  the  bottom,  and  adapted 
by  means  of  a  cork  to  a  flask  containing 
the  solvent.  A  vertical  condenser  (fig.  6)  is 
adapted  to  the  upper  end  of  the  Soxhlet's 
tube,  and  the  solvent  kept  boiling  by  a  suit- 
able source  of  heat.  In  the  case  of  petro- 
leum spirit,  ether,  or  other  volatile  and  in- 
flammable solvent,  this  shoidd  be  a  tin  vessel 
of  water  kept  hot  by  a  small  flame.  As  the 
solvent  boils  it  is  condensed  and  falls  on  the  substance  to  be  ex- 
tracted, remaining  in  contact  with  it  until  both  the  inner  and  outer 
tubes  are  filled  to  the  level  of  the  syphon,  when  the  solution  passes 
off  into  the  flask,  to  be  redistilled  and  recondensed,  and  so  on  until 
the  process  is  judged  to  be  complete.  With  a  projier  arrangement 
of  the  source  of  heat,  the  extraction  goes  on  regularly  and  auto- 
matically. On  changing  the  flask  and  replacing  the  inner  tube  by 
one  containing  a  fresh  sample,  the  apparatus  is  ready  to  be  used 
for  another  extraction. 

83.  A  very  simple  and  convenient  form  of  exhauster,  adapted 
either  for  extraction  or  repercolation,  has  been  described  by  Dunstan 
&  Short  {Phami,  Jottr.^  [3]  xiii.  664).  It  consists  of  two  glass 
tubes,  the  wider  of  which  is  dra>vn  out  at  one  end.  The  narrower 
and  somewhat  shorter  tube  fits  into  the  outer  one  with  much 
margin,  and  is  also  drawn  out  in  such  a  way  as  to  allow  the  end  to 
protrude  from  the  drawn-out  end  of  the  wider  tube  when  the 
smaller  is  inserted  therein.  At  the  point  where  the  outer  tube 
commences  to  contract  it  is  indented  on  opposite  sides,  by  which 
means  two  ledges   are  formed  within  the   tube  which  serve  as 


Fig.  6. 
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supi)orts  for  the  narrower  tube.^  The  inner  tube  serves  to  contain 
tlie  substance  to  be  exhausted.  The  lower  drawn-out  end  of  the 
wider  tube  is  fitted  by  a  cork  to  the  flask  containing  the  volatile 
solvent,  while  the  upper  end  is  connected  with  a  condensing 
arrangement. 

84.  J.  West-Knights  has  described  a  form  of  exhauster  which 
may  be  conveniently  used  when  the  quantity  of  material  to  be 
(extracted  is  somewhat  small  (Analyst^  viii.  65).  A  i)ercolator  is 
made  by  cutting  off  the  bottom  from  a  test-tube  of  suitable  size, 
and  blowing  a  hole  in  the  side  of  the  tube  about  an  inch  from  the 
toj).  A  disc  of  filter  paper  or  fine  cambric  is  tied  over  the  lower 
end  of  the  tube.  The  substance  to  be  extracted  is  placed  in  the 
tul)e,  and  kept  in  its  place  by  some  glass-wool  and  a  i)erforated  disc 
of  metal,  and  the  tube  with  its  contents  then  fixed  by  a  cork  to 
the  lower  end  of  the  tube  of  a  vertical  condenser.  This  is  adapted 
by  a  larger  cork  to  the  neck  of  an  ordinary  flask  containing  the 
volatile  solvent,  on  heating  which  the  va^wur  passes  through  the 
hole  in  the  side  of  the  test-tube  up  into  the  tube  of  the  condenser, 
where  it  is  liquefied.  The  condensed  liquid  drops  right  into  the 
test-tube,  percolates  through  the  substance  to  be  extracted,  and 
falls  to  the  bottom  of  the  flask,  to  be  again  volatilised.  As  the 
percolator  is  inside  the  flask,  its  contents  are  kept  constantly  at  the 
boiling  point  of  the  solvent,  and,  the  action  being  continuous  and 
automatic,  very  rai)id  exhaustion  may  be  effected. 

Other  forms  of  exhauster  have  been  contrived  by  Church, 
Drechsel,  Angell,  Thoms,  Thresh  (Pharm.  Jour.,  [3]  xv.  281) 
and  others,  but  those  already  described  will  be  found  sufficient 
for  all  purposes. 

85.  Employment    of    Immiscible  Solvents.— in 

mineral  analysis  this  method  finds  but  few  applications,  but  in 
proximate  organic  analysis,  one  of  the  most  valuable  means  of 
effecting  separations  consists  in  agitating  the  solution  of  a  sub- 
stance in  one  solvent,  with  another  solvent  insoluble  or  only 
slightly  soluble  in  the  former  liquid.  Under  these  circumstances, 
the  dissolved  body  is  distributed  between  the  two  solvents  in  pro- 
portions which  are  probably  dependent  on  the  relative  solubility 
of  the  substance  in  the  two  media,  and  the  relative  quantities  of 
the  two  media  employed.  Thus,  it  may  be  supposed,  that,  if  a 
substance  be  99  times  more  soluble  in  chloroform  than  in  water, 
and  its  aqueous  solution  be  shaken  with  an  equal  measure  of 
chloxsoform,  99  per  cent,  of  the  whole  substance  will  pass  into  the 

1  The  indentations  are  made  by  gently  pressing  each  side  of  the  tube  when 
red-hot  with  a  pair  of  cradble  tongs. 
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<-lilorofonn.  On  separating  this  layer,  and  again  agitating  the 
residual  aqueous  liquid  with  an  equal  quantity  of  clUorofomi,  99 
per  cent  of  the  remaining  substance  will  be  dissolved,  thus  making 
the  exhaustion  practically  complete.  Something  also  depends  on 
the  quantity  of  solvent  employed,  and  the  temperature  at  which 
the  operation  is  conducted. 

86.  In  making  a  proximate  analysis  by  means  of   immiscible 
^1  vents,  much  of  the  success  in  practice  dei)ends  on  the  caro  and 
*kill  with  which  the  manipulation  is  conducted.    The  most 
<^onvenient   apparatus  for  effecting  the  treatment  consists 
^^  a  pear-shai)ed  (fig.  7)  or  cylindrical  (fig.  8)  gbiss  sei)ar- 
^^r,  furnished  with  a  tap  below  and  a  stopper  at 
^^e  top.     The  tube  below  the  tap  should  be  ground 
^l^liquely  so  as  to  i)revent  loss  of  liquid  by  imper- 
*^Cit  delivery.     Supposing   that   it   he   desired  to 
^^ect  the  separation  of  a  substance  from  an  acpieoiis 
^C|uid  by  agitation  with  ether,  the  former  is  intro- 
^i  Viced  into  the  separator,  of  which  it  should  not 
^^cupy  more  than  one-third,  acid  or  alkali  added 
^*^  may  be  desired,  and  next  a  volume  of  ether  about 
^V|ual  to  that  of  the  ai|ueou8  liquid.     The  stoi)per 
"^^  then  inserted  and  the  whole  thoroughly  shaken    Fig.  7.    Fig.  8. 
^^^r^ether  for    a    minute   or*   two,    and    then     set 

^^^ide.     As  a  nde,  the  contents  will  readily  sepamte  into  two  well- 
^-Xefined    layers,  the    lower   of   which    is  a(|ueous   and  the  upi)er 
^^thereaL     Sometimes  separation  into  layers  does  not  occur  readily, 
'^le  liquid  remaining  apparently  homogeneous,  forming  an  emulsion 
^^r  assuming  a  gelatinous  consistency.     In  such  cases,   separation 
>iiay  sometimes  be  induced  by  thoroughly  cooling  the  contents  of 
^he  separator.     In  the  case  of  ether,  the  separation  may  alw.iys  be 
"Effected  by  adding  an  additional  quantity  of  ether  and  reagitating, 
^r,  when  the  employment  of  a  sufficient  excess  of  ether  is  incon- 
venient or  impracticable,  the  addition  of  a  few  drops  of  alcohol, 
iollowed   by  a  gentle  rotatory  motion  of  the  liquid,  will  almost 
"invariably  cause  separation  to  occur  promptly. 

87.  Separation  having  taken  place,  the  atpieous  layer  should  be 
run  off  by  the  tap  into  another  separator,  where  it  can  again  be 
agitated  with  ether  to  insure  the  complete  removal  of  the  Iwxly  to 
be  dissolved  therein.  The  ethereal  lic^uid  remaining  in  the  first 
separator  shoidd  be  shaken  with  a  fresh  quantity  of  idkalised  or 
acidulated  water,  which  is  then  tapped  off  as  before,  and  the 
remaining  traces  removed  by  treating  the  ether  with  a  little  pure 
water.  This  having  in  tiun  been  nm  off  to  the  last  drop,  the 
ethereal  solution  can  next  be  removed  by  the  taj),  l)ut  a  jireferable 
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plan  is  to  pour  it  out  of  the  top  of  the  separator,  by  which  meani; 
any  contamination  by  tlie  traces  of  water  adhering  to  the  sides  oi 
tlie  glass  will  be  avoided. 

88.  When  amy  lie  alcohol,  benzene,  or  petroleum  ether  is  em- 
j)loyed,  the  manipulation  is  the  same  as  that  just  described;  but 
when  chloroform  is  used,  or  a  mixture  containing  a  considerable 
proportion  of  that  solvent,  the  aqueous  liquid  forms  the  upper 
stratum,  and  the  chlorofonuic  solution  can  at  once  be  removed  ])y 
the  tap. 

89.  The  tendency  to  fonn  an  obstinate  emulsion  is  greater  when 
the  aqueous  liquid  is  alkaline,  and  is  often  very  troublesome  when 
cliloroform,  benzene,  or  petroleum  ether  is  substituted  for  ether. 
In  such  cases,  the  employment  of  a  larger  quantity  of  the  solvent 
sometimes  causes  separation,  but,  when  admissible,  a  better  plan  is 
the  addition  of  ether.  This  answers  very  successfully  for  the 
isolation  of  strychnine,  wliich  is  nearly  insoluble  in  unmixed  ether 
but  readily  soluble  in  a  mixture  of  equal  measures  of  ether  and 
chloroform.  Tliis  solvent  is  heavier  than  water,  and  is  capable 
of  very  extensive  application. 

It  is  evident  that  the  treatment  can  be  repeated  any  number  of 
times  requisite  to  ensure  the  complete  extraction  of  substances 
having  a  limited  solubility  in  the  solvents  employed,  and  these  can 
themselves  be  varied  in  a  systematic  matter,  as  is  done  in  Dragen- 
dorfFs  method  for  the  separation  of  alkaloids  and  other  active 
principlea 

90.  Tlie  following  table  (91)  shows  the  behaviour  of  the^ 
principal  organic  substances  on  treatment  with  acidulated  and^ 
alkalised  water,  and  solvents  immiscible  therewith,  such  as  ether, 
chloroform,  amylic  alcohol,  benzene,  and  petroleum  ether.  It 
must  not,  however,  be  supposed  that  the  immiscible  solvents  can 
be  employed  indifferently,  as  some  of  the  bodies  are  removed  from 
their  atiueous  solutions  by  one  solvent,  but  are  unaffected  by  others 
owing  to  their  limited  solubility  therein.  This  is  especially  the 
case  with  the  alkaloids  and  glucosides,  and  hence  the  table  must 
merely  be  regarded  as  showing  their  general  tendency,  their  be- 
haviour when  treated  with  the  individual  solvents  being  deferred 
for  full  description  later  on.  With  regard  to  the  remaining  com- 
pounds, the  choice  of  solvents  will  be  simplified  by  a  study  of  the 
second  table  (92)  which  gives  the  solubilities  of  a  large  number  of 
them.  Carbohydrates  and  proteids  are  omitted  as  being  generally 
insoluble  in  liquids  immiscible  with  water,  and  the  statement  of 
solubilities  of  the  alkaloids  or  glucosides  is  deferred.     The  sign 

00  gignihes  that  the  substance  and  solvent  are  miscible  in  all  prc- 
l)ortions. 
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NORMAL  SOLUTIONS, 


BEHAVIOXJB  OF  ORGANIC  BODIES  WITH  BE- 
A6ENTS. 

93.  The  action  of  chemical  reagents  on  organic  substances  is  of 
too  diverse  a  nature  to  admit  of  generalisation,  and  the  methods 
of  experiment  too  well  known  to  require  8i)ecial  description. 
Treatment  with  reagents  not  only  results  in  the  formation  of 
definite  compounds,  but  in  the  production  of  various  new  bodies 
by  the  decomposition  of  the  original  substances,  many  of  these 
decomposition  products  having  more  characteristic  properties  than 
the  bodies  from  which  they  were  derived. 

94.  Nonnail  SolutioilS. — in  describing  standard  solutions 
for  volumetric  determinations,  the  terms  "normal,"  " decinormal," 
<fec.,  are  employed  in  this  work  in  the  same  signification  in  which 
they  are  used  by  Sutton.^  Thus,  a  normal  solution  is  one  contain- 
ing, in  1 000  cubic  centimetres  ( =  1  litre),  such  an  amount  of  the 
active  constituent  as  will  combine  with,  replace,  or  oxidise 
1  gramme  of  hydrogen.  Hence  normal  and  decinormal  solutions 
of  the  following  substances  have  the  strengths  given  below  : — 


Normal  caustic  soda 

«            >»         »» 
„            ,,       potash 

contains  Na 
„       NaHO 
„       KHO 

- 

Gnunmes 
per  litre. 

23 

40 

56  1 

,,       carbonate  of  sodium 

XaaCO, 
2 

- 

53 

Decinormal  lime  water 

CaO 
20 

- 

2-8 

,,         baryta  water 

BaO 
20 

- 

7-65 

Normal  hydrochloric  acid 

„       HCl 

« 

36-5 

,,      sulphuric  acid 

H2SO4 
2 

- 

49 

,  t      oxalic  acid 

HoCjO^, 
»»                  2 

2H20__ 

63 

Decinormal  silver  nitrate 

AgNO, 
"           10 

-a 

170 

,,          mercuric  chloride 

HffOl, 
20 

" 

13-55 

,,          potassium  permanganate 

KMn04 
50 

- 

3  165 

^  A  use  of  the  term  *' normal"  has  been  made  by  Pattison  Muir,  Hannay, 
and  others,  which  is  apt  to  cause  much  miaunderstanding.  Pattison  Muir 
caUb  a  sulphuric  acid  '*  normal "  which  contains  98  grammes  of  H2SO4  per  litre, 
80  that  his  "normal  sulphuric  acid"  has  twice  the  neutralising  power  of 
the  "  normal  hydrochloric  acid  "  containing  36*5  HCl  per  litre.  Similarly  his 
normal  sodium  carbonate  has  twice  the  alkalinity  of  hia  normal  caustic  soda. 
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EXAMINATION  FOR  INOSOANIC  HATTEBS. 

95.  The  method  of  detecting  and  estimating  the  mineral  constitu- 
ents of  an  organic  substance  usually  consists  simply  in  igniting  a 
known  weight  of  the  body  in  free  contact  with  the  air,  and  weigh- 
ing the  residue  or  (ish. 

The  most  satisfactory  method  of  determining  the  ash  of  organic 
bodies  is  to  conduct  the  ignition  in  a  platinum  tray  or  flat  ca^)8ule 
placed  in  a  gas-muiHe  maintained  at  the  lowest  temperature  com- 
patible with  combustion.  The  tray  should  l)e  8upiK)rted  on  a 
row  of  pieces  of  tobacco-pipe  stems  or  other  non-conducting  sub- 
stance, so  as  to  avoid  over-heating  from  contact  with  the  bottom  of 
the  muffle.  If  a  bunsen  burner  be  employed  to  effect  combustion, 
similar  care  shoidd  be  taken  to  avoid  over-heating.  If  too  high  a 
temperature  be  employed  there  is  great  danger  of  loss  by  volatilisa- 
tion of  chlorides  or  carbonates  of  the  alkali  metals,  and  additional 
trouble  may  arise  from  fusion  of  the  remaining  ash,  with  con- 
sequent enclosure  of  particles  of  imbunit  carbon.  By  keeping  the 
temperature  as  low  as  possible,  and  avoiding  local  heating,  nearly 
all  oi^ganic  substances  can  be  bunit  completely  and  without 
difficidty.  In  obstinate  cases,  the  imconsumcd  matter  may  be 
mixed  with  nitrate  of  ammonium,  or  moistened  with  a  strong 
solution  of  the  salt,  and  then  re-ignitecl  Addition  of  pure  mercuric 
oxide  is  also  useful  occasionally,  or  the  refractory  matter  may  be 
mixed  with  a  known  weight  of  dry  ferric  oxide  and  again 
ignited. 

96.  In  very  many  instances  the  difficidty  of  effecting  complete 
combustion,  and  the  danger  of  loss  by  volatilisation,  may  be  wholly 
overcome  by  moistening  the  substance  to  be  ignited,  or  the  car- 
bonaceous residue  therefrom,  with  strong  sulphuric  acid.  This  con- 
verts the  readily  fusible  and  volatile  chlorides  and  carbonates  into 
the  more  fixed  sulphates  of  the  alkali  metals,  and  on  ignition 
complete  combustion  will  readily  ensue.  It  is  desirable  to  moisten 
the  ash  with  a  drop  of  sidphuric  acid  and  re-ignite,  so  as  to  get  rid 
of  any  sulphides  left  after  the  first  ignition.  For  the  estimation 
of  the  ash  of  animal  matters,  it  is  desirable  to  treat  the  substance 
in  a  porcelain  crucible  with  a  mixture  of  strong  nitric  and  sulphuric 
acids.  This  dissolves  and  destroys  the  organic  matters  before 
ignition,  and,  on  evaporating  the  liquid  to  dryniess  and  igniting  the 
residue,  complete  combustion  ensues,  and  a  white  "sulphated  ash"  is 
readily  obtained.  The  same  modification  of  the  usual  method  of 
determining  the  ash  of  plants  may  be  pursued  with  advantage 
in  many  cases,  the  starch  and  cellidose  being  first  converted  into 
oxalic  acid,  which  the  sulphuric  acid  decomposes  into  oxides  of 
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carbon  and  water,  so  that  after  evaporation  of  the  acid  there  is 
but  little  organic  mattter  left  to  ignite. 

97.  Sulphuric  acid  is  almost  always  employed  in  determining 
the  ash  of  commercial  sugars,  a  deduction  being  made  from  the 
weight  obtained  for  the  increase  due  to  "sulphation." 

98.  Besides  being  in  excess  of  the  true  ash,  the  "sulphated 
ash"  will  contain  no  chlorides  or  carbonates.  Phosphoric  and 
silicic  acids  are  not  affected  by  the  treatment 

99.  It  must  be  remembered,  however,  that  the  carftoTio^e  present 
in  the  ash  left  on  igniting  organic  bodies,  is  really  the  skeleton 
of  tfie  salts  of  organic  acids  present  in  the  original  substance. 
Hence,  many  plant  analysts  deduct  the  carbonic  acid  found  in  the 
ash  from  the  total  weight  obtained,  and  report  the  difference  as 
the  true  ash  of  the  substance.  A  similar  correction  is  often  made 
for  the  "  sand  and  carbon "  left  on  treating  the  ash  with  dilute 
acid,  the  sand  being  merely  an  accidental  impurity,  and  not  a  true 
constituent  of  the  plant,  and  the  carbon  being  simply  due  to  in- 
complete combustion  of  the  organic  matter. 

100.  The  ordinary  constituents  of  the  ash  of  natural  organic 
substances  are  potassium,  sodium,  calcium,  magnesium,  manganese, 
and  iron,  which  exist  as  oxides,  carbonates,  siUphates,  phosphates, 
silicates,  and  chloridea  Traces  of  other  elements  exist  normally  in 
certain  cases,  but  the  foregoing  are  those  to  which  attention  is 

•generally  directed.  In  algce,  notable  traces  of  bromides  and  iodides 
occur,  while  cryptogams  contain  aluminium,^  and  barium  has  been 
found  as  a  constituent  of  the  ash  of  Egyptian  wheat  {Jour.  Ghem. 
Soc,  xxviii.  662).  Minute  traces  of  copper  and  some  other  elements 
(including  rubidium,  caesium,  and  lithium)  are  said  to  be  normally 
present  in  certain  plants. 

101.  Analysis  op  the  Ash. — The  determination  of  the  con- 
stituents of  the  ash  may  be  effected  by  the  ordinary  methods  of 
mineral  analysis,  but  it  should  be  borne  in  mind  that  the  ash  of 
wheat  and  other  cereals  is  apt  to  contain  pyrophosphates,  and  these 
must  be  converted  into  orthophosphates,  by  fusing  the  ash  with 
alkaline  carbonate,  before  the  ordinary  process  for  the  estimation 
oi  phosphoric  acid  can  be  employed.  The  determination  of  the 
chlorine  volumetrically  by  silver  nitrate  (with  potassium  chromate 
as  indicator)  cannot  be  effected  with  accuracy,  unless  the  phos- 
phates have  been  previously  removed  by  precipitating  the  aqueous 
solution  of  the  ash  with  calcium  nitrate. 

102.  In  some  cases  it  is  of  service  to  ascertain  the  proportion  of 

1  Flowering  plants  do  not  contain  aluminium  as  a  normal  constituent,  but 
clay  is  too  common  a  substance  for  traces  of  silicate  of  aluminium  not  to 
occur  occasionally  in  plant  products. 
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the  total  ash  which  is  soluble  in  water.  This  is  most  conveniently 
(lone  by  igniting  and  weighing  the  insoluble  matter,  and  deducting 
the  weight  found  from  that  of  the  total  ash  previously  detennined. 
The  aqueous  solution  can  then  be  used  for  the  determination  of  the 
chlorides,  "alkalmity,"  &c.  Some  analysts  apply  the  term  "soluble 
ash  "  to  the  ash  left  on  igniting  the  residue  obtained  by  evaporat- 
ing to  dryness  the  filtered  aqueous  solution  of  the  substance. 
This  is  not  identical  with  the  soluble  portion  of  the  ash  of  the 
whole  substance,  and  should  be  called  in  preference  the  "  ash  of 
the  aqueous  extract"^ 

The  alkalinity,  or  capacity  of  the  ash  for  neutralising  acid,  is 
often  a  useful  indication.  It  is  commonly  expressed  in  terms  of 
K^O,  and  is  estimated  by  titrating  the  filtered  aqueous  solution  of 
the  ash  with  standard  acid.  Champion  and  Pellet  state  that  the 
amount  of  acid  required  to  saturate  the  alkaline  carbonates  of  the 
ash  of  a  particular  plant  is  practically  constant.^ 

103.  Poisonous  Metals  are  apt  to  occur  as  impurities  in 
certain  commercial  organic  products,  being  accidentally  introduced 
during  the  process  of  preparation.  The  objectionable  metals  most 
commonly  occurring  are  lead,  copper,  zinc,  and  tin,  and  in  ordinal}' 
cases  the  search  may  be  limited  to  these  elements. 

104.  LiQun)8. — In  some  cases,  as,  for  instance,  vinegar  and 
lemonade,  the  metallic  impurities  may  be  sought  for  in  the  original 
liquid,  but  in  others  it  is  desirable  to  evaporate  the  liquid  carefully 
to  dryness,  ignite  the  residue,  and  test  for  the  metals  in  the 
resultant  ash.  The  evaporation  should  be  conducted  in  porcelain. 
100  a  a  of  such  liquids  as  beer,  cider,  or  vinegar  will  usually 
suffice  for  the  examination,  but  sometimes  the  use  of  considerably 
larger  volumes  is  desirable.  Towards  the  end  of  the  evaporation, 
an  addition  of  strong  nitric  and  sulphuric  acids  should  be  made, 
the  quantity  used  depending  on  the  amount  of  organic  matter  to 
be  destroyed.  The  evaporation  is  then  carefully  completed,  and 
the  residue  ignited  at  a  low  red  heat.  After  cooling,  the  ash  is 
moistened  with  nitric  acid  and  one  drop  of  sulphuric  acid,  and 

^  If  a  plant  contained  malate  of  calcium  this  would  be  dissolved  by  hot 
water,  and  hence  would  pass  into  the  aqueous  extract ;  but  on  igniting  the 
rendue  obtained  by  evaporating  the  extract,  the  calcium  malate  would  be  con- 
wrted  into  calcium  carbonate,  which  is  insoluble  in  water.  Hence  the  "  ash  of 
aa  aqueous  extract "  may  be  insoluble  in  water. 

*  {Jour.  Chtm,  Soc ,  xxviii  907,  1216. )  They  further  state  that  if  the  ash  of 
an  entire  plant  be  analysed,  and  the  total  potassium  and  sodium  calculated  to 
their  equivalent  of  acid,  a  number  is  obtained  which  is  constant  for  that  par- 
ticolar  plant,  and  similarly  of  the  total  calcium  and  magnesium.  In  other 
worda,  the  bases  contained  in  plants  exhibit  the  same  equivalent  inter- 
ehaogeability  that  is  remarked  in  silicates. 
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again  ignited.  It  is  then  again  treated  with  a  few  drops  of  nitric 
acid,  which  is  evaporated  off  cautiously,  the  process  being  stopped 
directly  acid  fumes  ceased  to  be  copiously  evolved.  The  residue 
is  tlien  treated  with  hot  water,  and  the  solution  filtered,  when  the 
following  scheme  of  analysis  should  be  followed: — 


Aqitkous  Solution  may  contain  copper,  zinc. 
Iron,  Ac  Add  ezcew  of  ammonia  and 
Alter. 


Pkkcipitatb 
may  contain 
Iron,  phoa* 
phatM,  Ac. 


FiLTUATK,  if  blue,  contains 
copper.  DlTide  into  two 
portlona 


1.  Acidulate 
with  acetic 
add  and  add 
potassium 
feriocyanlde. 
Rrownlsli  pre- 
cioltate  or 
coloration  is 
Indlcatire  of 


2.  Heat  to  boU- 
ing,  and  add 
potasslmn, 
lerrocyanide. 
White  prt- 
cipitate  or 
turbidity  in- 
dicates Mine. 


Rksidub  may  contain  lead,  tin,  Ac.  Wssh, 
and  pour  boiling  solution  of  ammonlom 
acetate  on  the  niter. 


SOLUIIOK. 

Acidulate 
with  acetic 
acid,  and  add 
potassium 
chromate.  A 
chrome  yel- 
low precipi- 
tate Indicates 
lead. 


Rebidub.  Ignite  Alter 
paper,  fuse  ash  in  porce- 
lain crucible  with  potas- 
sium cyanide,  dlssolTO 
product  in  water.  Alter, 
boil  insoluble  residue 
with  strong  hydro- 
chloric add,  dilute,  and 
treat  dear  solution  with 
mercuric  chloride.  A 
white  sUky  precipitate 
of  mercuroos  chloride  U 
due  to  tin. 


105.  Solids  may  Ih)  extuuined  for  traces  of  the  foregoing  poison- 
ous motrtls  in  prt>cisely  the  same  way  as  liquids  which  have  been 
ooncontratod  to  a  small  bulk  by  evaporation. 

Tho  oxiunination  for  arsenic  and  poisonous  metals  in  cases  of 
m^krM  jH)i^mintj  dix^a  not  ccmio  >vithin  the  scope  of  this  work, 
luid  will  not  Ih»  dtwcrilxHl 

Tho  dottH'tioii  of  aftim  and  other  mineral  adidterants  of  flour  and 
bnuid  will  Ih»  iloscrilHHl  in  tlio  sequel 


*  KxtHHHliiijfltly  niin\it<^  tmoen  of  cop|ier  are  perhaps  best  detected  by  intro- 
dut>iii4(  a  kuitting  imshIIo  into  tho  slightly  acidulated  and  tolerably  concentrated 
at\u%Hn)N  »>b)tiou  of  tho  ash,  removing  it  after  some  hoars,  cautionsly  rinsing 
it  in  wator,  and  thon  immersing  it  in  dilute  ammonia,  with  fnt  contact  of 
aifv  Tho  o<^p)>or  precipitated  on  the  iron  will  pass  into  solution,  and  may 
^Hk  dotYH'to«l  by  acidulating  the  ammonia«a1  liqniil  with  acetic  acid  and  adding 
)^(itawium  fornvynuide,  when  a  pur^^le  or  brownish  coloration  wiU  be  produced, 
if  a  tra«>p  of  »H>pjH>r  be  |Mre«<e«t> 


ALCOHOLS. 


106.  Tlie  term  "alcohol"  is  popularly  applied  to  the  pure 
essence  or  spirit  which  imparts  to  wine  and  other  fermented  liquids 
an  intoxicating  property.  When  used  without  qualification  and  as 
a  proper  name,  it  is  to  be  understood  as  applying  to  ethyl 
alcohol  or  spirit  of  wine. 

In  modem  chemistry,  the  word  alcohol,  in  a  generic  sense, 
lias  a  much  wider  meaning,  being  applied  to  a  very  numerous  class 
of  bodies,  many  members  of  which  present  a  close  resemblance  to 
spirit  of  wine,  while  in  others  the  properties  which  are  character- 
istic of  ordinary  alcohol  are  conspicuous  by  their  absence. 

107.  An  Alcoliol  may  be  defined  as  a  neutral  compoimd  of 
carbon,  hydrogen,  and  oxygen,  capable  of  reacting  directly  on  acids 
with  elimination  of  water  and  formation  of  e  t  h  e  r  s. 

The  only  alcohols  which  will  be  fully  described  in  this  division 
of  the  work  are — 

CHg.OH.     Methyl  Alcohol,  occurring  in  wood  spirit ; 
CgHg-OH .   Ethyl  Alcohol,  occurring  in  spirit  of  wine ;  and 
CgH^^.OH .  Amyl  Alcohol,  occurring  in  potato  spirit 

Glycerin,  obtained  by  the  decomposition  of  fats,  has^the 
constitution  of  a  triatomic  alcohol,  and  is  fully  considered  in  a 
subsequent  section,  in  which  reference  is  also  made  to  cetijl  alcohol, 
myriq/l  aicohol^  cJwlesterin,  &c. 

Phenol  and  Cbesol,  which  are  sometimes  regarded  as  phenyl  and 
cresyl  alcohols,  are  fully  described  in  the  sections  referring  to  them, 
as  also  are  the  sugars,  which  have  many  of  the  characters  of 
alcohols. 

108.  METHTL  ALCOHOL. 

Metbylic  Hydrate.    Carbinol.    Wood  Spirit. 

(H 

(oh. 
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Methyl  alcohol  may  be  prepared  by  a  variety  of  synthetical 
reactions,  but  the  distillation  of  wood  is  ahnost  the  only  method 
of  obtaining  it  possessed  of  practical  interest.^  Birch  is  the  best 
wood  for  the  purpose,  after  which  come,  in  order  of  their  respective 
value,  beech,  alder,  and  oak.  The  wood,  thoroughly  divested  of  its 
bark,  is  distilled  in  large  iron  retorts  at  a  temperature  of  400**  to 
5  GO''  F.  The  product  of  the  distillation  is  run  into  tanks,  and  the 
tar  allowed  to  separate.  The  aqueous  liquid  is  neutralised  with 
lime  and  redistilled,  when  impure  acetate  of  calcium  remains  in 
the  still,  and  crude  pyroxylic  spirit  distils  over.  An  intermediate 
distillation  sometimes  precedes  the  treatment  with  lime.  The 
pyroxylic  spirit  is  again  rectified  over  slaked  lime  to  remove  acid, 
&c.,  the  product  treated  with  sulphuric  acid  to  remove  tar,  and 
to  neutralise  ammonia  and  methylamine,  the  liquid  redistilled, 
and  in  some  cases  rectified  once  or  more  over  quicklime.* 

109.  The  methylic  alcohol  contained  in  wood  spirit  can  be 
separated  in  a  state  of  tolerable  purity  by  saturating  the  liquid 
with  fused  chloride  of  calcium,  which  combines  with  the  methyl 
alcohol  to  form  a  compound  of  the  formula  CaCLj,  4CH^0,  which 
is  not  decomposed  at  a  temperature  of  100°  C.  The  mixture  is, 
therefore,  heated  on  the  water-bath,  by  which  the  acetone  and 
other  constituents  of  the  wood  spirit  are  driven  oiBf,  and  may  be 
collected,  if  desired.  The  residue  is  next  distilled  with  water,  when 
the  compound  of  chloride  of  calcium  and  methyl  alcohol  is 
decomposed  and  the  latter  distils  over ;  and  may,  if  required,  be 
rectified  from  quicklime  in  the  same  way  as  ordinary  alcohol. 

110.  Pure  methyl  alcohol  may  be  obtained  by  distilling  1  part 
of  purified  commercial  wood  spirit  with  1  of  sulphuric  acid  and  2 
of  acid  oxalate  of  potassium.  The  receiver  is  changed  as  soon  as 
crystals  of  methyl  oxalate  }>egin  to  form  in  the  neck  of  the  retort ; 
and  the  process  is  then  continued  till  the  temperature  of  the 
mixture  reaches  about  170°  C.  Or  the  oxalate  may  be  prepared  by 
simply  dissolving  dehydrated  oxalic  acid  in  boiling  methylic 
alcohol.  The  crystals  of  methyl  oxalate  are  dried  by  pressure, 
treated  with  water,  allowed  to  stand  some  time,  and  then  redis- 
tilled, preferably  with  an  addition  of  caustic  soda,  when  pure 
dilute  methyl  alcohol  is  obtained,  which  may  be  rectified  over 
quicklime  or   baryta.*     A  preferable  plan  is  to  saturate   a  solu- 

^  Methyl  alcohol  is  now  obtained  in  large  quantities  from  vifiasse,  the 
residue  remaining  after  the  distillation  of  fermented  beet-root  molasses. 

*  100  parts  of  properly  seasoned  birch-wood  usually  yield  44  per  cent  of 
crude  acetic  acid  (containing  9  per  cent,  of  glacial  acid) ;  9  of  tar  ;  24  of  char- 
coal ;  about  22  of  water  ;  and  from  0*6  to  1 12  of  wood  spirit. 

*  Traces  of  impurity  which  cause  methyl  ahohol  to  react  with  the  iodoform 
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tion  of  benzoic  acid  in  purified  commercial  wood  spirit  with 
hydiccldoric  acid  gas,  digest  the  mixture  on  the  water-bath  for  a 
few  hours  and  distiL  The  portion  of  the  distillate  which  passes 
over  above  100^  C.  is  washed  by  agitation  with  cold  water,  and 
decomposed,  by  heating  it  in  a  flask  attached  to  an  inverted  con- 
denser, with  a  slight  excess  of  caustic  soda  dissolved  in  three 
times  its  weight  of  water.  The  resultant  methylic  alcohol  is  then 
ilistilled  off  and  rectified  over  lime.  The  benzoic  acid  may  be 
recovered  by  treating  the  sodium  benzoate  with  hydrocldoric  acid. 

111.  Pure  methyl  alcohol  is  a  colourless  mobile  liquid  of  purely 
spirituous  odour.  (The  empjrreumatic  odour  of  common  wood 
spirit  is  due  to  impurities.)  The  boiling  point,  as  given  by  different 
observers,  varies  from  55°  to  66°*5,  and  apparently  depends  not 
inconsiderably  on  the  nature  of  the  containing  vessel.  Dupre 
gives  the  boiling  point  as  58°"6,  Kopp  obtained  a  mean  of  54°'9, 
Vincent  and  Delachanel  give  64° '8  as  the  boiling  point  of  pure 
anhydrous  methyl  alcohol,  while,  according  to  Dittmar  and  Stewart, 
the  perfectly  anhydrous  compound  boils  at  55° '1  C. 

112.  According  to  Dumas  and  Mitscherlich,  the  density  of  methyl 
alcohol  is  '8142  at  0°,  and  7980  at  20°  C.  This  gives  a  density 
of  '8061  at  10°  C,  which  closely  corresponds  with  the  independent 
result  of  Deville,  who  obtained  "8070  as  the  density  at  10°  C. 
The  mean  of  these  results  gives  a  calculated  density  of  '8021  at 
15° '5  C.  (  =  60°  F.)  Dupr^'s  figures  are  very  sensibly  different. 
Duclaux,  who  experimented  on  a  very  pure  product,  obtained  '7995 
as  the  density  of  methyl  alcohol  at  16°  C.^  It  is  doubtfiU,  however, 
whether  water  at  16°  C,  at  4°  C,  or  at  0°  C.  was  taken  as  unity 
(see  par.  14). 

113.  The  difference  between  the  densities  of  mixtures  of  methyl 
alcohol  and  ethyl  alcohol  with  the  same  proportions  of  water  is  so 
small  that  for  most  purposes  the  alcohol  tables  in  par.  156  may  be 
used  for  ascertaining  the  strength  of  methyl  alcohol.  When 
accurate  results  are  desired,  and  the  sample  contains  a  large 
percentage  of  alcohol,  it  is  desirable  to  dilute  it  with  twice  its 
weight  of  water  before  taking  the  density,  subsequently  multiplying 
the  percentage  of  methyl  alcohol  found  by  three. 

114.  Methyl  alcohol  is  miscible  in  all  proportions  with  water, 
ordinaiy  alcohol,  and  ether.  In  its  solvent  pro|)ertics  and  chemical 
reactions  it  presents  the  closest  analogies  to  ethylic  alcohol 
(par.  140). 

test  may  be  destroyed  by  treating  the  spirit  with  one-tenth  of  its  weight  of 
iodine,  adding  excess  of  canstic  soda  solution,  and  distilling  carefully. 

^  The  boiling  point  was  exactly  66°  C,  and  each  fraction  distilled  had  pre- 
cisely the  same  surface-tension  (Annates  Chim,  et  Phys.,  1878,  xiil  86). 
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1 1 5.  By  the  oxidation  of  methyl  alcohol  formic  acid,  CH^Og, 
is  produced,  and  this  by  farther  oxidation  is  converted  into  car- 
bonic acid. 

Wood  Spirit.  Wood  Naphtha.  Fyroxylic  Spirit. 

French — Esprit  de  boia     German — ^Holzgeist. 

116.  These  names  are  applied  to  the  impure  methyl  alcohol  of 
commerce. 

The  metliod  of  manufacturing  wood  spirit  has  already  been 
described  (i>ar  109). 

Wood  spirit  is  a  very  complex  Kquid,  containing  variable 
pro}X)rtions  of  methyl  alcohol,  acetone,  methyl  acetate  and  formate, 
dimethyl-acetal,  ally  lie  alcohol,  aldehyde,  water,  &c.  The  following 
table  shows  the  composition,  densities,  and  boiling  points  of  the 
more  imi>ortiint  of  these  bodies  : — 

specific  Gravity.  Boiling  Point. 

Methyl  alcohol,  CH4O  -^h^'^  I  0         '8142  (-8021  at  16'-5  C)  66{?) 

Methyl  acetate,  CjH^Oa    -|c^  q)  (  O        '9562  66-8 

Acetone,  CjH^U  - (0.11,0)  {         |  '8140  (at  18"  C.)  1  "'^  ^ 

Dimethyl-acetal,  C4HioOa    "(C^YI^*      *^^^^  ^*^ 

Allyl  alcohol,  C,H.O  ^^  \  0  \   [^^  g  f^P^^  j  96-5 

Tht»  **  tiiilings  "  coiitiun  furfurol,  methyl-ethyl  ketone,  and  allyl 
acetate,  ^vith  small  (luiuitities  of  pyroxanthine. 

The  lH\<^t  commeri'ial  wtHxl  spirit  contains  about  95  per  cent  of 
rt^d  methyl  alcohol,  the  commoner  varieties  from  75  to  90  percent., 
while  801110  siunples  may  contain  only  35  to  40  per  cent 

117.  The  density  of  crude  wooil  spirit  is  not  a  certain  indication 
of  thi»  pi\>|>ortion  of  methyl  alcohol  present,  as  its  composition 
vario8  considon^My.  For  dissolving  resins,  especiaUy  gtuu 
sandanto  and  mastic,  iKiintors  clu>o$e  naphtha  holding  some  of 
the  ossontial  oils  in  solution.  By  treating  crude  wood  spirit  with 
lime,  and  again  dislilHng,  a  pnxluct  of  low  sjiecific  gravity 
is  obt^uuod  containing  little  aooU^ne  and  much  methyl  alcohol, 
but  the  iuonj<tnuuu  for  dissolving  n^sins  is  prepared  by  dis- 
tilling oti'  the  retimnl  jn^rtion  of  the  cnide  naphtha  without 
eiuployii\g  linio.  The  fonuev  j^riHluct  has  a  low  gravity  and  is 
misciblo  with  water,  but  the  latter  is  heavier,  amtains  much 
aceUme  (s^h^  jvir.  l*Jl^X  and  InHHunes  milky  on  dilution  from  the 
sejuinxtion  of  eiuj\Yivumatir  oils, 

118.  The  inlour  \»f  wihkI  si»irit  is  very  characteristic     Wooil 
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naphtha  is  quite  unfit  for  drinking,  being  nauseous  and  highly 
deleterious.     Pure  methyl  alcohol  is  free  from  these  objectiona 

Commercial  wood  spirit  gives  a  brown  colour  on  heatmg  with 
caustic  alkali ;  mixed  with  concentrated  sulphuric  acid  a  red 
or  reddish-brown  colour  is  developed  ;  and  it  reduces  a  solution  of 
mercurous  nitrate.  These  reactions  distinguish  wood  spirit  from 
pure  methyl  alcohoL 

119.  Assay  op  Wood  Spirit.  For  producing  dimethyl-aniline 
it  is  important  that  the  wood  spirit  used  should  be  as  rich  as 
possible  in  methyl  alcohol,  and  contain  but  little  of  certain 
impurities,  acetone  being  particularly  objectionable  (par.  123). 

120.  C.  Bardy  {Jour.  Plunnn,^  [5]  iv.  129)  has  described  a 
method  of  estimating  the  proportion  of  real  methyl  alcohol  in 
wood  spirit,  based  on  the  amount  of  iodoform  produced  on  treating 
the  sample  with  iodine  and  caustic  alkali  As,  however,  the 
formation  of  iodoform  from  pure  methyl  alcohol  is  open  to  grave 
i^uestion,  the  method  is  of  very  doubtful  utility. 

121.  Kramer  and  Grodski  have  proposed  to  estimate  the 
methyl  alcohol  in  wood  spirit  by  observing  the  vapour-density, 
the  impurities  having  comparatively  high  molecular  weights, 

122.  The  proportion  of  reed  methyl  alcohol  in  commercial 
wood  spirit  is  most  accurately  determined  by  the  following  process, 
originally  due  to  Krell  and  worked  out  by  Kramer  and  Grodski, 
And  also  by  Bardy  and  Bordet  A  dry  flask  is  furnished  with  a 
cork  fitted  with  a  tapped  funnel  or  pipette  and  connected  with 
an  inverted  condenser;  15  grammes  of  phosphorus  di-iodide  are 
placed  in  the  flask,  and  5  c.c.  of  the  sample  of  wood  spirit  (measured 
at  15°  C.)  added  slowly,  drop  by  drop,  by  means  of  the  pipette; 
5  c.c.  measure  of  hydriodic  acid  of  1'7  sp.  gr.,  containing  in 
solution  8*5  grammes  of  free  ioduie,  is  next  added  through  the 
pipette.  The  flask  is  then  heated  to  80°  or  90°C.  by  immersion  in 
hot  water  for  a  few  minutes,  after  which  the  condenser  is  placed  in 
its  ordinary  position,  and  the  contents  of  the  flask  are  distilled  and 
collected  in  a  graduated  tube.  The  distillate  is  shaken  with  water, 
and  the  volume  of  methyl  iodide  read  offl  Corrections  of  8  volumes 
per  1000  must  be  made  for  the  solubility  of  the  methyl  iodide  in 
water,  and  for  the  loss  due  to  the  vapour  which  fills  the  apparatus. 
This  error,  which  is  constant  for  the  same  apparatus,  is  determined 
by  distilling  a  known  measure  of  iodide  of  methyl,  measuring  the 
distillate,  and  thus  ascertaining  the  loss.  Krell  prefers  to  pass  a 
current  of  air  into  the  apparatus,  through  the  pipette,  and  thus 
drive  out  the  vapour  of  methylic  iodide.  Under  these  conditions, 
5  cc  of  pure  anhydrous  methyl  alcohol  yield  7 '4 5  c.c.  of  the 
lodideL 
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By  the  iodine  process,  any  methyl  acetate  present  in  the  sample 
is  converted  into  iodide,  and  hence  increases  the  apparent  per- 
centage of  methyl  alcohoL  For  most  purposes,  the  error  thus 
introduced  can  be  neglected.  If  desired,  the  quantity  present  can 
be  previously  determined  approximately  by  heating  a  known 
quantity  of  the  wood  spirit  with  standard  soda,  and  titrating 
the  excess  with  standard  acid.  40  parts  of  NaHO  neutralised 
correspond  to  74  of  methyl  acetate,  or  32  of  methyl  alcohoL 
The  amount  of  methyl  alcohol  so  found  should  be  subtilu^ted  from 
the  total  amoimt  corresponding  to  the  iodide,  in  order  to  ascertain 
the  real  amount  of  methyl  alcohol  existing  as  such  in  the 
sample. 

When  acetone  is  present  it  distils  over  with  the  methyl  iodide, 
and  it  is  only  by  repeated  washing  with  water  that  the  distillate 
can  be  wholly  freed  from  it.  Bardy  and  Bordet  have  constructed 
a  table  showing  the  diminution  in  volume  undergone  by  methyl 
iodide  containing  various  percentages  of  acetone  by  washing  with 
water.  In  the  absence  of  the  table,  the  error  caused  by  the 
presence  of  acetone  might  be  avoided  by  saponifying  the  washed 
distillate  with  alcoholic  potash,  evaporating  to  diyness,  dissolving 
the  residue  in  water,  acidulating  an  aliquot  part  of  the  solution 
with  nitric  acid,  and  precipitating  the  iodide  by  silver  nitrate. 
235  parts  of  iodide  of  silver  will  represent  32  of  methyl 
alcohol. 

123.  Methods  for  detecting  and  estimating  acetone  in  wood 
spirit  are  described  in  par.  127  et  seq.  For  the  manufacture  of 
colouring  matters,  the  methyl  alcohol  should  not  contain  more 
than  1  per  cent,  of  acetone,  as  it  not  only  hinders  the  methylating 
process  but  reduces  the  yield  both  of  the  volatile  bases  and  the 
non-volatile  ammonium  compounds;  the  presence  of  one  molecule 
of  acetone  causing  a  loss  of  one  molecule  of  aniline.  Besides,  the 
base  obtained  from  an  article  containing  much  acetone  has  pro- 
perties which  render  it  useless  for  the  production  of  violet. 

124.  The  other  constituents  of  wood  spirit  when  treated  with 
iodide  of  phosphorus  yield  distillates  soluble  in  water,  or  are 
converted  into  resinous  bodies,  with  the  exception  of  dimethyl- 
acetal,  5  c.c.  of  which  yields  5*3  c.a  of  methyl  iodide. 

For  the  preparation  of  the  iodide  of  phosphorus,  15 '5  grammes 
of  phosphorus  are  dissolved  in  350  c.c  of  carbon  disulphide,  and 
127  grammes  of  iodine  are  gradually  a  ided,  the  vessel  being  kept 
well  cooled.  The  di-iodide  separates  in  crystals,  which  are  dried 
in  a  slightly  warm  current  of  air,  and  preserved  in  a  well-stopi)ered 
bottle. 

125.  Tlio  detection  of   small  admixtures  of   ethyl   alcohol  in 
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wood  spirit  is  less  important  than  the  converse.  The  following 
*  tests  have  been  proposed  for  the  purpose  : — 

(L  M.  Berthelot  heats  the  sample  with  twice  its  volume  of 
concentrated  sulphuric  acid.  If  1  per  cent,  of  ethyl  alcohol  be 
present,  ethylene  is  evolved,  and  may  be  absorbed  by  bromine 
and  estimated  as  CjH^Brj.  Acetone  and  the  normal  impurities 
of  wood  spirit  may  yield  CO  and  COg,  but  not  ethylene. 

h.  Another  very  delicate  test  is  based  on  the  fact  that  ethyl 
alcohol  forms  iodoform  when  treated  with  iodine  in  presence  of 
an  alkali — a  reaction  which  is  not  common  to  pure  methyl  alcohol. 
As,  however,  acetone  and  many  other  bodies  act  in  the  same 
way  as  ordinary  alcohol,  the  test  becomes  practically  one  for  the 
purity  of  methyl  alcohol,  rather  than  for  the  detection  of  ethyl 
alcohol  in  the  commercial  product. 

c.  Riche  and  Bardy  (Conipt  rend,,  Ixxxii.  768)  use  a  reaction 
dependent  on  the  production  of  aldehyde  from  ethylic  alcohol  by 
oxidising  agents,  and  the  reaction  of  aldehyde,  methylal,  acetal, 
&a,  on  salts  of  rosaniline,  whereby  a  violet  colouring  matter  is 
produced,  which  is  not  destroyed  by  subsequent  addition  of 
sulphurous  acid.  4  c.c.  of  the  liquid  to  be  examined  are  mixed  with 
6  c.c.  of  concentrated  sulphuric  acid  and  10  c.c.  of  water.  7  or  8 
c.c.  are  distilled  into  10  c.c.  of  water,  and  to  this  liquid  are  added 
5  cc.  of  sulphuric  acid,  and  10  c.c.  of  a  solution  of  potassium  per- 
manganate of  1  '028  sp.  gr.  After  five  minutes  have  elapsed,  4  c.a  of 
a  solution  of  sodium  thiosulphate,  of  1'29  sp.  gr.,  and  4  c.c.  of  a 
solution  of  magenta,  containing  0'02  gramme  per  litre,  are  added. 
Under  these  conditions,  wood  spirit  unmixed  with  ethyl  alcohol  gives 
a  yeUowish-white  liquid,  but  if  ethyl  alcohol  be  present  the  solution 
assumes  a  violet  colour  of  greater  or  less  intensity.  Acetone,  formic 
acid,  and  isopropyl  alcohol  give  no  similar  reaction. 

126.  Acetone.     Acetic  Ketone.     Pyro-acetic  Spirit 

OHO-  ^^8       i   =   I  ^^« 
OgngU  -  ^j^^  I        I  C0(CH3). 

Acetone  occurs  largely  in  some  varieties  of  wood  spirit,  and 
is  a  constant  product  of  the  dry  distillation  of  acetates.  It  is 
also  obtained  from  the  residue  left  after  manufacturing  aniline 
by  the  distillation  of  nitro-benzene  with  acetic  acid  and  iron.^ 
Acetone  is  a  colourless  limpid  liquid  of  pecidiar  ethereal  odour 
and  burning  taste.  It  is  miscible  in  all  proportions  with  ether, 
alcohol,  and  water.     It  dissolves  nearly  all  resins,  gums,  camphor, 

^  Some  specimens  of  commercial  acetone  leave,  on  distillation,  a  yellowish- 
brown  reddne  with  alkaloidal  properties,  and  having  a  physiological  action 
similar  to  the  ptomaines. 
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and  fats.  Gun-cotton  dissolves  in  it  with  facility.  Acetone  has 
many  of  the  properties  of  the  aldehydes,  and  like  them  readily' 
unites  with  the  acid  sulphites  of  the  alkali  metals  to  form  crystal- 
line compounds.  This  fact  may  be  employed  for  its  detection. 
Caustic  potash  and  dry  calcium  chloride  are  insoluble  in  acetone, 
a  fact  which  distinguishes  it  from  methyl  alcohoL 

127.  The  presence  of  much  acetone  in  wood  naphtha  may  be 
detected  by  mixing  the  sample  with  twice  its  measure  of  a 
saturated  aqueous  solution  of  calcium  chloride,  when  the  acetone 
separates,  and  forms  a  layer  at  the  surface  of  the  liquid.  The 
test  becomes  more  delicate  if,  instead  of  employing  a  solution, 
pomlered  calcium  chloride  be  added  to  the  naphtha. 

A  more  delicate  reaction  is  that  of  J.  E.  Reynolds,  described  in 
par.  134,  the  success  of  the  test  for  the  detection  of  wood  spirit 
depending  on  the  presence  of  acetone  in  the  latter. 

128.  The  proportion  of  acetone  present  in  wood  spirit  may  be 
determined  by  the  following  method,  dependent  on  the  formation 
of  iodoform.  1  c.c.  of  the  sample  of  wood  spirit  is  mixed  with 
10  c.c.  of  a  solution  containing  80  grammes  of  caustic  soda  in  1 
litre.  After  agitating,  5  c.c.  are  added  of  a  solution  containing 
254  grammes  of  iodine  and  332  of  iodide  of  potassium  in  1  litre. 
The  whole  is  again  agitated,  and  the  iodoform  which  separates  is 
dissolved  by  shaking  with  10  c.c.  of  ether  free  from  alcohol. 
The  ethereal  layer  is  allowed  to  separate,  and  is  then  Avithdrawn 
and  evaporated  at  the  ordinary  temperature,  the  residue  of  iodo- 
form being  subsequently  dried  for  a  short  time  over  sulphuric  acid, 
and  weighed.  The  ether  could  probably  be  advantageously 
replaced  by  weU- washed  chloroform.  394  ^mrts  of  iodoform 
correspond  to  58  of  acetone. 

129.  AUyl  Alcohol.— CaHgO  =  C8H5.OH  =  CHgiClLCHyOH. 
This  substance  occurs  as  a  constituent  of  wood  spirit,  and  appears 
to  be  a  legalised  substitute  in  Germany  for  wood  spirit  for  "methyl- 
ating"  alcohol  (see  next  paragraph).  Pure  allyl  alcohol  as  a  liquid 
of  penetrating  odour,  boiling  at  96°  to  97°  C,  and  miscible  in  all 
proportions  with  water.  It  is  readily  and  even  violently  oxidised 
by  chromic  acid  mixture  (par.  255),  a  strong  smell  of  acrolein, 
CjH^O,  being  observable,  which  body  subsequently  imdergoes  further 
oxidation.  The  aqueous  solution  of  allyl  alcohol  readily  decolorises 
bromine  water,  with  formation  of  an  additive  product  of  the  com- 
position CoHgBrgO. 

130.  Methylated  Spirits  of  Wine  is  a  mixture  of  90 

per  cent,  of  rectified  spirit  (ethyl  alcohol)  with   10  per  cent,  of 
commercial  wood  spirit.^     The  acetone  and  other  constituents  of 

^  Under  an  Act  which  came  into  force  at  the  commencememt  of  1881,.  the 
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the  wood  i^aplitha  are  so  difficult  to  remove  that  the  spirit  is  con- 
sidered to  be  pennanently  unfitted  for  drinking  puqwses,  and 
therefore  is  not  subject  to  duty.  By  rendering  methylated  spirit 
a1)solute,  however,  the  impurities  may  be  so  far  eliminated  that 
the  resultant  alcohol  is  not  wholly  disqualified  for  drinking  use, 
and  hence  the  Excise  have  disallowed  the  sale  of  absolute  methyl- 
ated alcohoL  For  laboratory  purposes,  ordinary  methylated  spirit 
may  be  greatly  improved  by  digesting  it  for  some  days  with  caustic 
potash  or  soda,  and  then  distilling.  The  alkali  converts  aldehyde 
and  acetone  into  resinous  bodies,  and  saponifies  the  methyl 
acetate,  so  that  after  distillation  the  liquid  contains  little  besides 
methyl  and  ethyl  alcohols.^ 

131.  As  methyl  alcohol  has  a  sensibly  lower  boiling  ^wmt  than 
ethyl  alcohol,  methylated  spirit  boils  at  an  intermediate  tempera- 
ture, a  fact  which  has  been  utilised  for  a  rough  examination  of 
methylated  spirit     The  following  data  arc  due  to  Dr  Ui-e  :— 

KoUlnjf  Point.    'C. 
Wood  spirit.        Alcohol. 

Density  of  0-870,  .  .     62 -2  82*2 

Density  of  0-832,        .  .     600         77-2 

methylated  spirit  in  Germauy  is  made  by  adding  5  per  cent,  of  wood  spirit,  . 
percussion-cap  makers  and  colour-varnish  makers  being  allowed  to  use  an 
article  to  which  J  per  cent  of  turpentine  or  J  per  cent,  of  animal  oil  has  been 
added  instead  of  the  wood  spirit  Only  such  wood  spirit  may  be  used  as  has 
been  sanctioned  by  the  authorities,  and  has  remained  in  bond  until  required 
for  use.  The  wood  spirit  must  be  tested  as  to  its  specific  gravity,  boiling 
point,  miscibility  with  water,  behaviour  with  soda  solution,  and  power  of 
decolorising  bromine.     The  la.st  test  is  admitted  to  be  unsatisfactory. 

^  The  following  conclusions  were  adopted  by  a  Committee  of  the  United 
States  National  Academy  of  Sciences  in  a  recent  Report,  to  the  Commissioner 
of  Internal  Revenue,  on  Methylated  Spirit  for  manufacturing.  By  treating  a 
mixture  of  10  per  cent  of  wood  spirit  and  90  per  cent,  of  ethyl  alcohol  with 
bone-black,  filtering,  and  then  distilling  with  the  aid  of  a  fractionating 
arrangement,  the  principal  product  obtained  is  nearly  free  from  methyl  alcohol, 
and  the  odour  and  taste  of  this  body  are  not  ver}*^  marked,  and  can  only  with 
difficulty  be  recognised  by  those  unskilled  in  such  matters,  but  are  easily 
perceived  by  experts.  The  spirit  thus  purified  might  be  used  in  the  manu- 
facture of  low-grade  whisky  and  rum;  but,  as  the  process  of  purification 
necessarily  involves  very  careful  distillation,  it  would  be  as  difficult  to  purify 
methylated  spirit  surreptitiously  on  a  large  scale  as  it  is  at  present  to  carry  on 
the  illicit  manufacture  of  non-methylated  alcohoL  Cazencuvc  and  Chapuis 
state  that  by  the  action  of  a  copper-zinc  couple  at  TO**  C.  during  five  or  six  days 
methylated  spirit  may  be  entirely  deprived  of  its  disagi-eeable  odour.  By 
more  prolonged  treatment  the  change  can  be  effected  in  the  cold.  The  effect 
is  due  to  the  conversion  of  the  acetone  contained  in  the  crude  wood  spirit  into 
iso-propyl  alcohoL  By  distilling  the  spirit  thus  treated  from  a  water-bath 
a  nearly  odourless  product  may  be  obtained. 
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Henco  it  appears  that  an  addition  of    10   per  cent   of  wood 


iiaplitlitt  to  alcohol  lowara  the  boiling  point  3 


3C.  (  =  6°^). 


.  Mkthylatkd  Fin'ish  is  u  pre]iarHti 
not  liciensed  as  vendors  of  methylated  spirit.  It  ia  mado  by  di»- 
Bolving  a  gum-reein  in  methylated  epirit,  and  the  Excise  inaists  that 
the  proportion  present  shall  not  be  less  than  3  ounces  in  the  gallon. 

133.  Detection  of  Methyl  Componads  in  Alco- 
holic Liquids. — In  conaequencu  of  the  chea]juea8  of  nietliyl- 
Hted  spirit  as  conijiared  with  pure  ethyl  alcohol,  there  18  a  great 
inducement  to  substitute  the  former  in  tinctnreH  and  other  pru- 
I>arations  which  should  only  contain  the  latter.  On  tliia  account 
it  is  fro<^uently  important  to  test  alcohol  for  an  admixture  of 
wood  spirit,  anil  various  methuds  have  been  devised  for  the 
purpose,  some  founded  on  the  detection  of  methyl  alcohol  itself, 
and  others  on  the  recognition  of  acetone,  which  appears  to  bo 
constantly  present  in  commercial  wood  spirit. 

134.  a.  The  following  process  for  testing  alcohol  dopcinds  on  the 
presence  of  acetone,  and  was  devised  by  J.  E.  Reynolds : — "  Take 
200  cc  of  the  spirit,  and  rapidly  distil  off  50  cc. ;  dilute  the 
[listillate  with  an  equal  volume  of  water,  and  slightly  warm  with 
aildilion  of  a  few  cc.  of  solution  of  potassium  hydrate.  On 
cautious  addition  of  mercuric  chloride,  thti  oxide  at  first  thrown 
down  is  speedily  redissolved  ;  excess  of  tlie  mercuric  salt  must  be 
carefully  avoided.  The  alkaline  liquid  should  bo  filtered  clear, 
much  of  the  alcohol  allowed  to  evaporate  slowly,  and  the  residue 
then  divided  in  two  portions.  One  part  is  to  be  violently  boiled 
for  a  few  minutes ;  a  yellowish-white  gelatinous  precipitate  will 
suddenly  make  its  appearance  if  the  acetone  compound  be  present 
In  the  second  ]tortion,  dilute  acetic  acid,  when  added  in  excess, 
should  produce  a  bulky,  white,  gelatinous  precipitate,  containii^ 
when  washed  and  completely  dried,  between  78  and  79  {ter  cent 
of  mercury." 

135.  li.  F.  Cazeueuve  distils  100  cc  of  the  spirit,  and  collects 
each  10  cc  of  the  distillate  in  separate  cylinders.  To  each 
fraction  he  then  adds  1  cc  of  a  solution  containing  5  grammes  of 
potassium  permanganate  per  litre.  If  the  sample  contained  wood 
spirit,  each  fraction  instantly  reduces  the  permanganate  with 
brown  coloration,  owing  to  the  presence  of  acetone  in  all  the 
distillates.  If  the  alcohol  be  free  from  methyl  counmunda,  but 
contains  on  appreciable  quantity  of  aldehyde,  the  first  two  fractions 
will  reduce  the  permanganate  at  once,  but  the  following  portions 
react  less  rapidly.  This  distinction  is  due  to  the  low  boihug  point  of 
aldehyde  causing  it  to  become  conceutntted  in  the  first  [lortions  of 
the  distillnh-. 
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,  The  following  process  bos  lieen  ilevisetl  by  MM,  Richu 

md  Bardy  for  the  detectiou  of  methyl  alcohol  in  ccmmeryial  spirit 

!  wine.     It  deiiends  on  the  formation  of  methyl  nuiliue  violet. 

■  10  Q.C.  of  the  aampit)  of  alcohol,  previously  rectiftod  if  necessary 

'JTer  potasBiiini  caibonate,  ore  placed  in  a  small   flask  with    15 

)  of  iodind  and  3  gramraus  of  rod  phospliopia     Methyl 

and  ethyl  iodides  are  formed,   and  should  be  distilled   off  into 

about  30  cc.  of  water.     The  heavy  oily  liquid  which  settles  to 

the  bottom  is  strixirated  from  the  water  and  transferred  to  a  flask 

—Oontaiitiug  5  c.c.  of  uuiiine.     The  flaak  should  be  pluced  in  cold 

VatcT,  in  case  the  action  should  bo  violent ;  or,  if  necessary,  the 

action  may  be  stimulated  by  gently  warming  the  flask.     After 

)  hour  the  product  is  boiled  with  water  and  solution  of  soda 

idded,  when  the  bases  rise  to  the  top  as  an.  oily  layer,  which  may 

e  drawn  ofl"  witli  a  pipette  after  filling  the  flask  with  water  up 

the  neck-      1    c.c.  of  the  oily  liquid  thus  obtained  is  next 

aidised  by  adding  it  to  10  grammes  of  a  mixture  of  100  parts  of 

1  sand,  3  of  common  salt,  and  3   of  cupric  nitrate.     After 

Iteing   thoroughly  mixed,  the  whole    is   introduced    into  a   glass 

Mk  and  heated  to  90"  C.  for  eight  or  ten  hours.     The  product 

I  exhausted  with  warm  alcohol,  tlie  liquid  filtered,  and   made  up 

(witJi  alcohol  to  100  cc.     If  the  sample  of  spirit  were  pure,  the  tint 

F  the  liquid  is  red,  but  in   presence  of  I   per  cent,  of  methyl 

alcohol  it  luiB  a  distinct  violet  ahade  ;  with  3j  per  cent,  the  abode 

is  very  distinct,  and  still  more  so   with   5  per  cent.     To   detect 

more  minute  quantities  of  methyl  alcohol,  5  c.c  of  the  coloured 

liquid  are  diluted  to  100  c.c.  with  water,  and  5  c.c.  of  tliis  again 

diluted    to    400    c.c     Ttie    liquid    thus    obtained    is    heated    in 

porceinin,  and  u  fragment  of  white  merino   (free  from  sulphur) 

immersed  in  it  for  half  an  hour.     If  the  alcohol  were  pure  the  wool 

will  remain  white  ;  but  if  methylated,  the  fibre  will  become  violet, 

the  depth  of  tijit  giving  a  fair  approximate  indication  of  the  pro- 

portiou  of  methyl  alcohol  present. 

137,  r/.  The  following  process  is  due  to  J,  T.  Miller.     In  the 
e  of  tinctures  and  other  liquids   containing  fi.ved  matters,   the 
wter  part  of  the  spirit  should  be  distilled  off  and  the  test  applied 
|i  the  distillate.     The  method  is  based  on  the  fact  that  methyl 
i  produces  formic  acid  when  treated  with  oxidising  agents, 
that   ethyl    alcohol  yields    a  mere  trace  of  the  same  body. 
rthelesB,  the  fact  must  not  he  overlooked  that    a   trace   of 
C  acid  (or  other  reducing  agent)  is  formed,  even  when   pure 
Ijrl    (dcohoi    is   operated    on.     3    grammes    of    bichromate    of 
Hituu  and  2J  cc  of  concentrated  sulphuric  acid  are  mixed  in 
'1  tubulated  flask  with  25  c.c.  of  water  and  3  to  4  cc  of 
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the  spirit  to  be  tested.  After  standing  for  a  quarter  of  an  hour, 
the  ilask  is  attached  to  a  condenser  and  the  mixture  is  distilled. 
When  25  c.c.  have  passed  over,  the  acid  distillate  is  treated  with 
a  very  slight  excess  of  sodium  carbonate,  lx)iled  down  to  about 
10  C.C.,  and  enough  acetic  acid  added  to  impart  a  distinct,  but 
feeble,  acid  reaction.  The  liquid  is  then  treated  with  0*1  gramme 
of  silver  nitrate  dissolved  in  about  3  c.c.  of  water,  and  the  whole 
gently  heated  for  two  or  three  minutes.  If  the  solution  merely 
darkens  a  little,  but  continues  (juite  transparent,  the  spirit  is  free 
from  me  thy  lie  alcohol;  but  if  a  copious  precipitate  of  dark  brown 
or  black  metallic  silver  separates,  and  the  tube,  after  being  rinsed 
out  and  filled  with  clean  water,  shows  a  distinct  film  of  silver, 
which  appears  brown  by  transmitted  light  (best  seen  by  holding 
it  against  wliite  paper),  the  spirit  is  methylated. 

138.  The  accurate  determination  of  methyl  alcohol  in  presence  of 
ethyl  alcohol  is  very  difficult.^  A.  Dupr6  has  described  {Analyst ^ 
i.  4)  the  following  method  of  detecting  and  approximately 
estimating  tlie  amount  of  methyl  alcohol  in  spirituous  liquids  : — 
Five  ounces  of  the  spirit  are  distilled  twice,  the  liquid  having  been 
rendered  alkaline  the  first  and  acid  the  second  time,  about  two- 
tliirds  being  passed  over  each  time.  The  distillate  is  next  shaken 
with  dry  potassium  carbonate,  and  allowed  to  stand  twelve  hours. 
Tlie  upper  layer  is  then  removed  with  a  pipette,  and  again  twice 
ilistilled,  about  an  ounce  being  driven  over  the  first,  and  half  an 
oimce  the  second  time.  This  last  half-ounce  will  contain  any 
methylic  alcohol  present  in  the  original  five  ounces  of  the  sample. 

All  the  distillations  should  be  conducted  in  an  apparatus  having 
all  the  parts  air-tight,  expansion  of  the  contained  air  being  allowed 

*  A  process  has  been  described  by  Hager  for  determining  the  proportions  of 
methylic  and  ethyUc  alcohol  existing  in  a  mixture,  by  converting  them  into 
the  corresponding  oxalates  by  distillation  with  potassium  oxalate  and  strong 
sulphuric  acid.  The  methyl  oxalate,  (CHg)2Cj04,  so  obtained  is  a  solid 
crystalline  body,  while  the  ethyl  oxalate,  (C2Hb),C304,  is  a  liquid. 
Although,  when  in  an  unmixed  state,  mere  traces  of  methyl  alcohol  can  be 
detected  by  the  above  reaction,  the  presence  of  ethyl  alcohol  in  the  sample, 
and,  consequently,  of  ethyl  oxalate  in  the  product  of  distillation,  renders  the 
method  useless,  as  the  crystalline  methyl  oxalate  remains  dissolved  in  the 
homologous  liquid  ether.  Af ethyl  oxalate,  however,  is  soluble  in  water, 
while  ethyl  oxalate  is  practically  insoluble.  Hence,  by  shaking  the  distillate 
with  water,  and  determining  the  oxalic  acid  produced  by  its  treatment  with 
caustic  alkali,  it  was  thought  ]iossiblo  that  a  practical  process  might  be  ob- 
tained. The  experiments  made  by  the  writer  in  this  direction  ended  in  complete 
failure,  very  considerable  quantities  of  ethylic  oxalate  always  passing  into  the 
aqueous  solution,  although  care  was  taken  not  to  leave  the  oily  layer  in  contact 
with  the  water  for  any  length  of  time. 
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for  by  a  mercury  valve.  In  this  way  the  distillation  can  Ije 
effected  without  losa  About  one-third  of  the  last  distillate  is 
next  diluted  with  about  six  times  its  measure  o£  water,  and  in  this 
spirituous  liquid  the  alcohol  is  carefully  determined,  first  by  the 
density  (see  par.  154),  and  subsequently  by  oxidation  to  acetic 
acid,  with  estimation  of  the  latter  by  titration  with  alkali. 
With  pure  alcohol,  both  methods  should  give  results  agreeing 
within  O'l  per  cent.  In  presence  of  methyl  alcohol,  the  oxidation 
process  gives  a  sensibly  lower  result,  as  no  fatty  acid  is  formed 
by  its  oxidation.  If  any  appreciable  quantity  of  methyl  alcohol 
be  present,  on  opening  the  flask  in  which  the  oxidation  is  per- 
formed, a  slight  escape  of  gas  will  take  place,  o^ving  to  the  carbon 
dioxide  produced.  With  pure  ethyl  alcohol,  on  the  contrary,  a 
partial  vacuimi  is  formed.  In  a  whisky  to  which  10  i>er  cent,  of 
methylated  spirit  was  added,  the  specific  gravity  method  gave 
10*08  per  cent  of  alcohol  in  the  diluted  distUlate,  against  9*50 
per  cent,  by  the  chromic  acid  method.  A  determination  of  the 
alcohol  by  Geissler's  vaporimeter  affords  a  useful  check.  Thus, 
the  same  whisky  above  mentioned  gave  10*45  per  cent,  of  alcohol 
by  this  process,  owing  to  the  presence  of  methyl  alcohol  increasing 
the  tension  of  the  vai)our.  The  remainder  of  the  distillate  in 
which  the  methyl  alcohol  has  been  concentrated  may  be  examined 
for  that  body  by  the  tests  described  m  pars.  136  and  137. 

139.  From  researches  by  M.  Duclaux,  on  the  surface-tensions 
of  the  alcohols  (AnncUes  Chim,  et  Phijs.  [5],  xiii.  76),  it  appears 
extremely  probable  that  methyl  alcohol  could  be  detected,  and  even 
approximately  determined,  in  spirituous  liquids  by  simply  noting 
the  number  of  drops  of  the  sample  delivered  by  a  pipette  con- 
structed to  deliver  100  drops  of  water.  A  liquid  containing  20  per 
cent,  by  volume  of  ethylic  alcohol  will  give  176  drops,  while  methylic 
alcohol  of  the  same  strength  will  give  only  147*5  drops. 

140.  ETETL  ALCOHOL. 

Alcohol.  Ethylic  Hydrate.  Methyl  Carbinol. 
Spirit  of  Wine. 

French — ^Alcool;  Esprit  de  vin.      German — jUkohol;  'Weingoist. 

(CH3 

(oh. 

Ethyl  alcohol  i»  the  pure  essence  or  spirit  which  imparts  to 
-wine  and    other    fermented    hquids    an    intoxicating    property. 
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When  used  without  qualification,  anJ  as  a  proper  name,  the 
tenn  aleohol  ia  to  be  underatiXNl  aa  applying  to  ethyl  alcohol,  or 
"spirit  of  mine," 

141.  Pure  anhydrous  or  "absolute"  ethyl  alcohol  is  a  limpid, 
colourless  liquid,  of  ft  penetrating  nnil  agreeable  odour  and  hot 
pnngeut  taste.  Alcohol  volatilises  rapidly  at  ordinary  teraperatures, 
boiU  at  78°-4  C.  (  =  173''-1  F.)  and  solidifies  at-130"-5  C. 

142,  The  density  of  alcohol  has  been  deterniinetl  by  a  variety 
of  observers,  whoso  results  differ  somewhat  from  eaL'h  other,  chiefly 
owing  to  Iho  great  difficulty  with  which  the  last  traces  of  water  are 
removed,  TheapecificgravityisusuaUy  stated  to  l>e  'TDSSl  at60°F. 
(  =  15°'5  C.),  water  at  the  same  temperature  beiug  taken  as  unity, 
but  the  recent  labours  of  E  K.  Squibb  (Ejiftameris,  it  522  ; 
P/iarm.  Jour.  [3],  sv.  22)  have  shown  tliat  pure  alcohol  is 
obtainable  of  as  low  a  density  as  '79350,  and  that  possibly  even 
this  product  is  not  absolutely  free  from  water.  Hence  alcohol 
of  ■79381  sp.  gr.  really  contains  about  01  per  cent,  of  water,  an 
impurity  so  trifling  in  amount  as  not  materially  to  vitiate  the 
accuracy  of  the  tablea  ordinarily  relied  on  for  luilculating  the 
strength  of  alcoholic  liquids  from  the  density.' 

'  Tlie  following  note  on  the  IiiEtory  of  akoliol  tnblcs  is  epitomised  from  ths 
article  of  Dr.  Squibb  rorErred  to  iii  the  tcit :— "  Tlie  investigmtions  of  Gilpin 
for  the  British  fiovernmeut  from  1788  to  !79*,  brought  the  ai«cifie  grsvity 
of  absolnte  alfoliol  to  -7039  at  60°  F.,  eonip»r«d  with  wntpr  at  the  mnximnra 
deositj.  Fownes  and  Drinkivater  IndependeDtly  wont  over  the  sabjffit  some 
liny  years  later,  and  respectively  found  the  specific  gratity  to  be  7EI38  and 
'7S3St  to  60°  F.,  compared  with  water  at  the  same  temperature.  Eopp  is 
often  quoted  ai  an  authority  for  the  specific  gravity  of  uleuhol,  but  the  beat 
rosnltB  given  by  him  are  considerably  above  those  of  earlier  or  kler  olwervora, 
■nd  it  is  doubtful  whether  he  supposed  that  he  obtained  anhydrous  alcohol. 
Mendelq'eS',  iu  an  admirable  resenrch  publinbed  in  1866.  brought  the  corrMted 
specific  gravity  of  alcohol  to  '78367  at  15°  C,  compsretl  with  water  at  4°  C, 
■  result  which  is  pmctically  in  accord  with  Fovnes  and  Drinkwater.  Tnlle^ 
in  ISll,  adoptii^t  Gilpin's  researches  as  far  «» they  went,  deduced  a  deniity  oif 
■7989  at  16°  C.  comparod  with  water  at  *°  C.  ThiB  was  nearly  correct  from  his 
data,  but  ho  doca  not  use  this,  and  does  use  inatend,  as  the  basis  of  all 
his  work,  an  erroueous  equivalent  to  it.  He  states  that  thu  figure  is  eqnivs' 
lent  to  Tflffl  at  60°  F.,  compared  with  water  at  90°  F.,  whereas  79411  is  th« 
true  density  of  alcohol  at  60°  F.  [  —  IS" '5  C),  compared  with  water  at  the  same 
tempBratnre,  if  7939  be  the  density  at  16°  C,  compared  with  water  at  i°  C, 
Qay  Lussac,  io  )S24,  practically  reaches  the  same  error  aa  Trulles,  which  be 
appearstoadopt  from  Rudberg,  giving  7947  as  tbe  density  at  1E°C  (-69°F.), 
compareil  with  water  at  ]G°  C,,  erroneouisly  supposing  that  this  was  the  torn- 
perature  of  the  msiimum  density  of  water.  All  Cay  Lus.inc'g  voluminons 
tables  are  vitiated  by  these  errors.  Stampfcr,  who  appears  to  be  a  coDimoiily 
accepted  German  autbori^,  gives  the  dunaity  7951  at  1B°  C.,  compared  wiUi 
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(143.  Absolate  alcohol  burns  with  a  wliJtUh  Stmie,  whicli  depoeite 
boD  on  a  uold  Biirface  held  in  it.  If  the  alcohol  contain  watvi, 
I  flame  produced  is  <|uit«  blue. 
144.  Alcohol  is  iniscible  with  wntt^r  in  all  projurtiona,  a  con 
Hderable  evolution  of  heat  and  contraction  in  bulk  taking  place  on 
)t(lniixtnr&  The  whole  of  the  water  eim  be  removed  from  it 
^^^—.irith  great  difficulty  oidy;  even  repeated  distillation  with  tlio 
^^^■Ardinaiy  condensing  amuigement  does  not  remove  the  last  8  or  10 
^^^^^er  cent  (sp.  gr.  '8228).'  B;  repeated  treatment  with  carbonate  of 
^^^T^otassium  or  quicklime,  with  subsequent  distiUation,  idl  hut  a 
I  minute  trace  of  water  may  be  removed  from  alcohol,  which  is 

then  said  to  he  "absolute."  In  commerce,  several  different 
Btrungths  of  "absolute  alcohol"  are  recogniseil,  the  term  being 
..^■plied  to  any  stronger  spirit  than  con  be  obtained  by  mere 
illation. 
The  presence  of  aa  small  n  proportion  as  0"5  per  centi  of  watar 
■  ■  ■  is  indicated  by  the  pink  colour  assumed  by  the  liquid  on 
fntrotlucing  a  crystal  of  potassium  permanganate.  A  less  delicate 
it  consists  in  agitating  the  alcohol  with  a  little  anhydrous  cupric 
nlldiat«  (made  by  gently  igniting  the  powdered  crystals),  when 
"  V  salt  will  ac<iuire  a  blue  colour  if  a  notable  ipiantity  of  water  be 
Bsent. 

I4S.   Absolute  or  very  etron};  alcohol  is  powerfully  poisonous, 
roying  the  vital  functions  of  tlte  tissues  by  abstracting  their 
tnoistiire.     For  a  similar  reason,   strong  alcohol   is   a  powerful 
feiantisepttc. 

Alcohol  is  a  powerful  solvent  for  fluid  and  solid  bodies,  dis- 
solving resins,  volatile  oils,  camphor,  phenol,  creaaote,  glycerin,  and 
numerous  salts,  acids,  and  organic  bases:  As  a  rule,  the  metallic 
chlnridea,  briimides,  iodides,  acetates,  At,  are  soluble  in  alcohol ; 
while  the  carlionatea,  borates  sulphates,  phosphates,  oxalates,  tart- 
rates, mslates,  &c.,  are  iiisotuble.^ 

Sulphur    and    phosphonia    are     slightly    soJuliln     in     alcohol. 


water  at  the  mme  temperature,  n  figure  which  in  still  more  inBccunito  tlitui 
ttiOSB  of  TniUes  or  (iay  Lmsac.  Tiallea'  Inaccurate  tables  are  establjabtil  by  law 
lu  the  baaia  of  tbo  Inland  Kevenus  vrorlc  both  iu  Great  Britain  aud  the  Unit&l 
fltalui.  altbangh  the  error  from  ttie  truth,  as  eitalilished  b;  Fonnea,  Drink- 
water,  and  tlendeUjeiT  is  about  J  percent" 

'  By  Bttscbiu);  to  the  iliitillation-Hiuik  ■  long,  wide  glusa  tube,  arranged 
TDrtic»ll;  aod  filled  nitb  solid  glass  bends,  Hrmpel  obtained  altobol  of  95 
pET  cent,  by  slowly  distilling  spirit  of  18  per  cent 

=  Most  deliquest'ent  raltB,  except  potassium  carbonsle,  atn  soluble  in  alcohol 
Inori^nic  compoands,  if  insolable  or  sparingly  soluble  in  water,  are  slao 
nuolable  in  alcohol. 
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lodiiie    is   readily   soluble   with   brown   colour ;    on   addition  of 
alkali  the  liquid  is  decolorised  witli  formation  of  iodoform. 

Alcohol  absorbs  many  gases  with  considerable  avidity.  Some 
of  them,  such  as  hydrochloric  and  nitrous  acids,  decompose  it  with 
formation  of  the  corresi)onding  ethers  (ethyl  chloride,  CgH^Cl, 
and  ethyl  nitrite,  CgH^XOg). 

Concentrated  nitric  and  chloric  acids  act  very  violently  on 
alcohol,  forming  aldehyde,  acetic  acid,  and  *  other 
I»ro<lucts.  Chromic  acid  and  permanganate  of  potassium  react 
aimilarly. 

Sidphuric,  arsenic,  and  phosj)horic  acids  react  on  alcohol,  with 
j)roduction  of  ethyl  acids.  When  the  liquid  is  heated,  ethylene 
gas  or  ordinary  ether  results,  according  to  the  boiling  point  of  the 
lii^uid.  Acetic,  formic,  oxalic,  hydrochloric,  and  other  acids  de- 
compose absolute  alcohol  \vith  the  formation  of  the  corresponding 
ethers. 

Bromme  and  chlorine  act  on  absolute  alcohol  by  removing  part 
of  the  hydrogen  and  forming  substitution-products  (chiefly 
l>romal  and  chloral). 

Potassium  and  sodium  dissolve  in  absolute  alcohol,  forming 
potassium  and  sodium  ethylates  (CgH^KO  and  C^HgNaO), 
which  are  decomposed  by  water  into  alcohol  and  caustic  alkalies. 
B.  W.  Richardson  has  proposed  to  employ  an  alcoholic  solution  of 
sodium  ethylatc  as  a  caustic. 

146.  Rectified  Spirit  op  Wine  is  the  name  given  to  the  most 
concentnited  alcohol  producible  by  ordinary  distillation.  The 
rectified  spirit  of  British  Pharmacopoeia  is  described  as  containing 
84  per  cent,  by  weight  of  real  alcohol,  and  having  a  density 
of  -838. 

147.  Proof  Spirit  of  the  British  Pharmacopoeia  has  a  density 
of  0*920,  which  corresponds  to  a  strength  of  about  49  per  cent  by 
weight  of  real  alcohol.  The  term  "  proof  spirit "  is  very  confusing 
to  many  people,  and  might  with  advantage  be  abandoned.  Of  this 
there  is  little  chance  at  i)resent,  as  it  is  adopted  in  several  Acts  of 
Parliament,  and  is  the  scale  to  which  Sykes'  hydrometer,  used  by 
the  Excise,  has  reference.  The  Excise  formerly  tested  the  strength 
of  spirits  by  pouring  a  certain  amount  on  gunpowder.  A  light  was 
then  applied.  If  the  spirit  was  above  a  certain  strength  ("proof") 
the  gunjwwder  ultimately  inflamed,  but  if  weaker  the  gunpowder 
was  too  much  moistened  by  the  water  to  be  capable  of  explosion, 
and  the  sample  was  said  to  be  "  under  proof."  By  Act  of  Parlia- 
ment, proof  spirit  is  now  defined  to  be  a  liquid  of  such  density 
that,  at  51°  F.,  13  volumes  shall  weigh  the  same  as  12  volumes  of 
water  at  the  same  temperatuiw     The  "  proof  spirit "  thus  produced 
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has  a  density  of  -91984  at  15°-5  C.  (  =  60T.)»  '^^^  contains, 
according  to  Fownes,  49*24  per  cent,  by  weight  of  alcohol  and  50*76 
of  water.  Spirits  weaker  than  the  above  are  described  by  the 
Excise  as  being  so  many  degrees,  or  so  much  per  cent.,  "under 
proof"  (U.P.).  Thus,  by  the  term  "spirit  of  20  jier  cent.,  or  20 
d^rees,  under  proof,"  is  meant  a  liquid  containing,  at  60°  F.,  80 
measures  of  proof  spirit  and  20  of  water.  "Spirit  of  50^  U.P." 
contains  equal  measures  of  proof  spirit  and  water,  while  pure  water 
is  100**  under  proof. 

On  the  other  hand,  spirituous  liquids  stronger  than  proof  spirit 
are  described  according  to  the  number  of  measures  of  proof  spirit 
100  volumes  would  yield  when  suitably  diluted  with  water. 
Thus,  "spirit  of  50°  O.P."  is  alcohol  of  such  strength  that  100 
measures  at  60°  F.,  when  diluted  with  water  to  150  measures, 
would  be  proof  spirit.^  Absolute  alcohol  accordingly  is  75^°  O.P., 
and  contains  175^  per  cent,  of  proof  spirit,  for  100  volumes  when 
diluted  with  water  would  yield  175^  volumes  of  spirit  at  "proof." 

The  relationship  of  percentages  of  absolute  alcohol  to  those  of 
proof  spirit  are  explained  further  in  par.  158. 

148.  In  the  United  States,  Tralles'  tables  are  legalised,  and 
consequently  the  proportion  of  alcohol  in  spirit  is  usually  stated  in 
percentage  by  volume  ;  but  a  "  proof  spirit "  is  also  recognised  by 
the  American  Excise,  which  is  defined  as  "  that  alcoholic  liquor 
which  contains  one-half  its  volume  of  alcohol  of  a  specific  gravity 
of  "7939  at  60°  Fahrenheit."  The  specific  gravity  of  such  spirit 
is  stated  to  be  '93353  at  60°  F.,  water  at  its  maximum  density 
being  taken  as  unity.  (This  wUl  correspond  to  a  density  of  about 
'9341  if  water  at  60°  F.  be  taken  as  unity,  and  to  a  content  of 
42*7  per  cent,  by  weight  of  absolute  alcohol.)  Absolute  alcohol 
woidd  contain  200  per  cent  of  proof  spirit  according  to  the  U.S. 
Excise,  instead  of  175^  per  cent,  as  in  the  English  system. 

In  the  United  States  Pharmacopoeia  three  different  strengths  of 
alcohol  are  recognised,  namely  :—(l)  "Absolute  alcohol;" 
(2)  "Alcohol,"  specific  gravity  '820  =  91  percent  by  weight; 
and  (3)  "  D  i  1  u  t  e[d  alcohol,"  specific  gravity  '928 ;  made  with 
equal  measures  of  "  alcohol "  (No.  2)  and  water.  This  preparation 
corresponds  closely  to  "proof  spirit,  B.P." 

149.  The  "Spirit"  of  the  German  Pharmacopoeia  has  a  density 
of  '830  to  '834,  corresponding  pretty  closely  with  "  rectified  spirit, 
B.P."     The  "  D  i  1  u  t  e   S  p  i  r  i  t,"  has  a  density  of  '892  to  '896. 

^  Owing  to  the  contraction  which  occurs  on  mixing  alcohol  with  water,  tlie 
Tolnme  of  water  which  it  would  be  necessary  to  add  in  this  instance  would  be 
considerably  more  than  50  measures.  Thus,  a  mixture  of  100  volumes  of 
absolute  alcohol  with  60  of  water  only  measures  154  volumes  instead  of  160. 
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150.  Examination    of   Commercial    Alcohol.— 

Onliniiry  spirit  of  wiut;  is  commonly  nssumed  to  cousist  of  pure 
i-tliylii;  akohol,  more  or  less  mixed  with  water.  This,  howertT,  is 
frpquently  far  from  true,  commercial  ethylic  alcohol  often  contain- 
ing dtetinct  tmc«s  of  higher  homologues,  of  aldehyde 
and  acetic  acid,  of  volatile  oils,  and  of  vatioue 
fixed  impurities,  Imth  organic  and  inorganic  Methylaied 
iqiirit  of  toine  is  an  acknowledged  mixture  of  ethyl  alcohol  and 
tmod  npiril  (par.  130),  For  lie  detection  of  the  latter  body  in 
alcoholic  liquids  in  which  ite  unacknowledged  presence  is  suspeetod, 
sec  i»ar.l33  et  neij. 

The  other  cfflnraon  imparities  of  commercial  alrohol  may  be 
soiigbt  for  in  the  following  niauiier  :— 

Anii/lie  Alrokol  and  fitsel  oil  may  be  detected  by  the  methods 
described  in  par,  271  at  eeq. 

Fixed  Impuntkg  may  l>e  detected  and  estimated  by  evaporating 
to  dryness  50  or  100  c.c;  of  the  spirit,  and  weighing  the  residue, 
if  any,  The  proportion  of  inorganic  matter  can  be  ascertained  by 
igniting  the  residue  carefully  at  a  low  red  heat.  Some  idea  of  the 
nature  of  the  organic  matter  may  be  obtained  by  smelling  the 
fumes  produced  when  the  residue  is  first  heated. 

Oily  ami  Rmttou^  MaUr.re  may  be  detected  by  diluting  the  spirit 
somewhat  largely,  when  they  are  precipitated,  and  impart  a  milky 
appearance  to  the  liquid. 

Acdic  AeiiJ  will  be  indicated  by  the  acid  reaction  of  the  spirit 

Aldthyde  imparts  a  peculiar  flavour  to  the  spirit.  When 
present  in  quantity  the  spirit  becomes  brown  when  heated  with 
caustic  alkali  A  smaller  quantity  is  detected  by  adding  a  few 
drops  of  soiution  of  argentic  nitrate  and  exposing  the  liquid  to  a 
good  light  for  twenty-four  hours,  when  the  silver  will  be  reduced 
and  deposited  as  a  black  powder  if  aldehyde  or  otlier  reducing 
agent  be  present.  Traces  of  aldehyde,  Sic,  are  nearly  always 
present  in  commercial  samples  of  alcohol.  The  British  Phamia- 
copceia  directs  the  silver  test  to  be  made  by  adding  30  fluid  grains 
(2  c.c.)  of  decinormal  argentic  nitrate  to  4  fluid  ounces  of  the  ' 
sample  to  be  teatsd.  After  exposure  to  the  light  for  twenty-four 
hours,  and  decautation  from  the  black  precipitate,  no  further 
reduction  of  silver  should  occur  on  repeating  the  treatment.  A 
negative  result  on  adding  more  silver  solution  and  again  exposing 
the  liquid  to  light,  proves  the  absence  of  a  greater  proportion  of 
reducing  agents  per  pint  of  spirit  than  can  dec<)mpo8e  about  21 
grains  of  nitrate  of  silver. 

The  proportion  uf  teater  present  in  commercial  alcohol  may  be  d»- 
dnced  with  accuracy  from  the  specific  gravity  of  the  liquid  (par.  IB*). 
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151.  Detection  of  Alcohol. 

Wheu  tolerably  couceiitniteil,  alcohol  ia  reailUy  recc^nised  by  ite 
physical  properties,  after  previous  distillation  if  necessary, 

ICethoda  for  detection  of  alcoliol  in  -wood  spirit  ore  described  on 


47. 


In  a  dilute  state,  the  following  tes^ts  for  alix)hol  are  of  service  ; — 

0.  J.  Hardy  detects  small  quantities  (1  per  cent.)  of  alcohol 
in  wiueous  liquids  by  shaking  the  sample  for  a  few  minutes  with  a 
small  quantity  of  powdered  guaiacum  resin  taken  from  the  interior 
of  a  lump.  The  liquid  is  Hltercd,  and  few  drops  of  hydrocyanic 
and  a  drop  of  weak  solution  of  sulphate  of  copper  itdde<L  In 
of  alcohol  a  blue  colour  is  produced,  far  more  intense  than 

due  to  the  slight  colour  of  the  solution  of  copper.  When  the 
~  ol  is  present  in  but  small  quantity,  the  tube  should  bo  viewed 
while  paper,  and  a  blank  experiment  with  distilled  water 
nde  by  side  with  the  eaiaple.     The  author  has  verified  this  test. 

ft.  E.  W.  Davy  detects  O'l  per  cent,  of  alcohol  in  water  by 
adding  a  few  drops  of  tlie  liquid  cautiously  to  a  solution  of  1  part 
of  molybdic  acid  in  10  of  strong  sulphuric  acid,  gently  warmed  in 
Ji  porcelain,  capsule.  A  blue  coloration  appears  immediately,  or 
■fter  s  few  moments.     Other  alcohols,  ether,  and  aldehyde  give  the 

le  reaction,  but  chloroform  and  chloral  hydrate  do  not.  The 
has  proved  the  delicacy  of  this  test  to  the  above-named  extent 

',  A  very  delicate  test  for  small  quantities  of  alcohol  is  that  of 
lieben,  as  modified  by  Hager  {Zeiift.  Anaf.  Vliem.,  Lx.  492).  It 
<iepQnds  on  the  fact  that  alcohol  unilor  the  influence  of  iodine  and 
an  alkali  yields  iodoform,  CHIj,  the  properties  of  which  are  very 
chamctvristic  To  10  c.c,  of  the  clear  suspected  liquid,  five  or  six 
drops  of  a  10  per  cent,  solution  of  cjiuatic  potash  or  soda  are 
udded,  and  the  liquid  is  warmed  to  about  50°  C.  A  solution  of 
JiNtide  of  potassium,  fully  saturated  'with  free  iodine,  is  next  added 
ilrop  by  drop  with  agitation,  until  the  liqiud  becomes  permanently 
yellowish-brown,  when  it  is  carefully  decolorised  by  a  further 
isutious  addition  of  the  caustic  alkali  solution.  If  alcohol  were 
present,  iodoform  is  gradually  deposited  at  the  bottom  of  the  tube 
in  yellow  ciystnls,  which,  after  standing,  may  be  examined  with  a 
Icua.  Under  a  microscopic  power  of  300  diameters  its  appennmcs 
is  very  characteristic,  the  usual  forms  being  heKagonnl  plates,  stars, 
and  rosoltea.  Spirit  diluted  with  2000  parts  of  water,  when 
treated  as  above  and  allowed  to  stand  12  hours,  gives  a  distinct 
dust-like  deposit  of  iodoform.     The  author  has  verified  this  test 

When  chloroform  and  similar  liquids  are  to  Ije  examined,  2  cc. 
should  be  shaken  with  10  cc.  of  water,  and  tlie  hquid  passed 
through  a  wet  tilter,  the  test  being  applied  to  the  filtrate. 
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Unfortunately,  this  very  delicate  reaction  is  not  peculiar  to 
alcohol,  being  produced  also  by  acetone,  aldehyde,  isopropyl  alcohol, 
propylic  and  butylic  alcohols  and  aldehydes,  various  ethers, 
mcconic,  laevidic  and  lactic  acids,  turpentine,  sugar,  &c.  On  the 
other  hand,  it  is  not  given  by  pure  methyl  or  amyl  alcohol, 
chloroform,  chloral,  glycerin  or  ether ;  nor  by  acetic,  formic,  or 
oxalic  acid 

iL  J.  C.  Thresh  {Phwm,  Jotir.  [3]  ix,  408)  has  described  a 
method  of  detecting  and  estimating  small  quantities  of  alcohol  which 
is  based  on  its  oxidation  to  aldehyde  by  a  mixture  of  bichromate 
of  potassium  and  dilute  sulphuric  acid.  It  is  evident  that  excess 
of  the  oxidising  mixture  must  be  avoided,  or  the  aldehyde  will 
be  wholly  converted  into  acetic  acid,  as  actually  occurs  in  Dupi-^'s 
modification  of  the  method,  as  described  on  page  70.  The 
inventor  of  the  process  claims  that  it  is  capable  of  giving  approxi- 
mate quantitative  results  with  a  liquid  containing  '04  to  '40  per 
cent  of  alcohol,  and  that  it  will  detect  with  certainty  '01  per 
cent.     The  following  are  the  details  of  the  method  : — 

100  cc.  of  the  dilute  alcoholic  liquid  are  placed  in  a  small 
flask,  together  with  2  cc.  of  a  cold  saturated  solution  of  bichro- 
mate of  potassium  and  12  cc.  of  normal  sulphuric  acid.  A  few 
pieces  of  pumice  are  added  to  prevent  bumping,  a  bent  tube 
attached,  and  20  cc.  distilled  off  slowly  into  a  graduated  tube 
containing  3  cc  of  a  syrupy  solution  of  caustic  soda.  The  dis- 
tillate is  then  lieated,  kept  at  the  boiling  point  for  a  few  seconds, 
and  placed  aside  for  two  hours.  If  the  original  spirituous  liquid 
contained  '10  per  cent,  of  alcohol,  the  contents  of  the  tube  will 
liave  acquired  a  deep  yellow  colour  and  have  deposited  flocks  of 
a  1  d  e  h  y  d  e  resin;  with  '05  per  cent,  no  resin  separates,  but  the 
fluid  is  di'op  yellow  and  jxirceptibly  opalescent ;  with  '01  per  cent, 
tht^  colour  is  only  just  perceptible,  but  the  characteristic  odour  is 
still  very  distinct.  Dr.  Thresh  employs  the  method  colorimetri- 
cally  by  comparing  the  depth  of  colour  with  that  produced  by 
a  liquiil  cont^iining  a  known  amoimt  of  aldehyde.  His  test  experi- 
meut'<  show  that  the  method  is  approximately  accurate  within 
the  limits  uameil,  and  may  Iw  applied  to  the  determination  of 
alcohol  in  essential  oils,  urine,  &c, 

152.  For  the  deti»ction  of  alcohol  in  transparent  soaps,  Jay 
triMits  r>0  gmmmes  of  the  finely  divided  s^miple  in  a  200  cc  flask, 
with  30  cc  of  stnmg  sulphuric  acid,  and  agitates  till  decomposi- 
tion is  complete.  Mo  then  tills  u}>  the  flask  with  water,  separates 
the  layer  of  fatty  acids,  nearly  neutralises  the  aqueous  liquid,  and 
distils.  The  tirst  25  e»c  of  the  distillate  are  then  examined  for 
alcohol  by  tlu»  method  i>f  Riohe  mul  lijinly  (i>ar.  136) 
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153.  Determination  of  Alcohol. 

The  estimation  of  alcohol  in  admixture  with  woocl  spirit,  amyl 
alcohol,  chlorofonn,  ether,  &c.,  may  be  effected  by  the  methods 
described  in  the  sections  devoted  to  these  substances. 

In  by  far  the  greater  number  of  instances  the  determination  of 
alcohol  is  effected  by  separating  it  from  fixed  substances  by  distilla- 
tion, and  then  ascertaining  the  projM^rtion  of  alcohol  present  in  the 
spirituous  liqiud  condensed     This  is  practically  tlie 

154.  Dbtbrmination  of  Alcohol  in  mixtures  consisting  essen- 
tially OP  Alcohol  and  Water  only. 

1.  This  is  most  generally  effected  by  accurately  ascertaining  the 
specific  gravity  of  the  mixture.  From  the  specific  gravity,  the 
percentage  of  real  alcohol  is  readily  ascertained  l)y  reference  to 
tables,  on  the  construction  of  which  great  care  has  been  l)estowed 
by  various  observers,  the  subject  being  of  great  importance  for 
Excise  purposes.  By  the  Excise,  a  glass  or  metal  hycbometer  is 
employed,  the  temperature  of  the  liquid  being  carefully  noted.  In 
the  laboratory,  the  specific  gravity  bottle  is  a  more  satisfactory  and 
accurate  instrument.  In  all  cases  the  bottle  miist  be  filled  at 
exactly  15°'5  C.  (  =  60°  F.),  for  alcohol  dilating  rapidly  by  increase 
of  temperature,  very  erroneous  results  may  l)c  obtained  if  this  pre- 
caution be  not  rigidly  observed.^  Care  must  be  taken  that  the 
bottle  contains  no  air-bubbles,  and  the  stopper  must  be  inserted 
when  the  liquid  in  the  bottle  (after  being  well  stirred)  shows  a 
temperature  of  15°*5  C.  (  =  60°  F.).  A  bottle  holding  50  c.c.  is  of 
suitable  capacity  for  general  use,  but  for  some  purposes  a  smaller 
one  will  be  found  serviceable.  It  should  never  be  tnisted  to 
contain  the  weight  of  water  marked  on  it,  but  should  be  carefully 
filled  with  water  at  15°*5  C.  (  =  60°  F.)  and  the  weight  accurately 
noted.  The  weight  of  the  contained  spirituous  liquid  is  then  in 
each  case  divided  by  the  observ^ed  weight  of  contained  water,  the 
dividend  being  the  specific  gravity  of  the  sample.  It  is  desirable 
to  use  a  bottle  having  a  thennometer  attached  to  the  stopper,  so 

^  If  all  available  water  be  sensibly  above  the  standard  temperature,  it  can 
readily  be  cooled  by  dissolving  in  it  some  powdered  thiosulphate  of  sodium, 
the  specific  gravity  bottle  filled  with  spirit  being  immersed  in  the  cooling 
liquid.  When  the  temperature  of  the  spirit  is  but  a  few  degrees  above  15° '5  C, 
a  correction  of  the  observed  density  may  bo  made  according  to  the  following 
formula,  in  which  D  is  the  required  density  at  15° '5  C. ,  D'  the  observed  density, 
and  d  the  difference  in  temperature  between  15° '5  C.  and  that  at  which  the 

experiment  was  made.  D=D'  +  (i  (  '00014+ -y^^j.  When  the  tempera- 
ture of  the  experiment  is  below  15° '5  C,  the  fraction  d  ('00014+  ~  ) 
must  be  subtracted  from  D'  instead  of  being  added  to  it. 
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that  when  the  bottle  is  filled  and  the  stopper  inserted  the  thermo- 
meter will  be  wliolly  immersed  in  the  liquid  under  examination, 
The  si)ecific  gravity  bottle  may  be  conveniently  replaced  by  the 
U-shaped  tube  described  in  par.  6. 

155.  The  proportion  of  alcohol  contained  in  spirituous  liquids 
is  expressed  in  three  ways.  1.  Percentage  of  alcohol  by  weight. 
2.  Percentage  of  alcohol  by  volume.  3.  Percentage  of  proof  spirit. 
Of  these,  the  first,  in  the  opinion  of  the  author,  is  the  most  satis- 
factory, but  both  the  other  plans  serve  for  certain  purposes.  It  is 
convenient  in  some  cases  to  know  the  weight  of  alcohol  in  100 
measures  of  the  spirituous  liquid.  The  term  "  proof  spirit "  has 
already  been  explained  (par.  147). 

156.  In  the  following  table  are  given  the  percentages  of  absolute 
alcohol  by  weight  and  of  proof  spirit  by  volume,  which  are  con- 
tained in  mixtures  of  alcohol  and  water  of  various  densities  : — 


Denaities  of  variouB  Mixtures  of  Alcohol  with  Water. 


Specific 

Grarlty  at 

15'  5  C. 

Percentafre  of 

Absolute 

Alcohol 

Percentage  of 
Proof  Spirit 

Specific 
;    Gravity  at 
'       15'-6  C. 

Percentage  of 
Absolute 
Alcohol 

Percentage  of 
Proof  Spirit 

(  =  6«'F.) 

by  weight. 

by  measure. 

(=60'  ¥.) 

by  weight. 

by  measure. 

-79384 

10000 

176-26 

-819 

'      91  36 

165^18 

•794 

99-94 

175-18 

•820 

•00 

164-74 

5 

1            '^1 

174-83 

1 

90-64 

•29 

6 

•29 

•49 

2 

•29 

163  84 

7 

1       98-97 

•14 

3 

89^92 

•38 

8 

•66 

173-81 

4 

•54 

162^88 

9 

•34 

•47 

5 

•16 

•88 

•800 

•03 

•14 

6 

88-76 

161  ^86 

1 

97-70 

172-77 

7 

•36 

•32 

2 

•37 

•89        i 

8 

87-96 

160-79 

3 

•03 

•02 

9 

-58 

•28 

4 

96-70 

171-64 

•830 

•19 

159-77 

5 

•87 

•26 

1 

86  ^81 

•26 

6 

•03 

170-88        1 

2 

•42 

158-74 

7 

95-68 

-46 

3 

•04 

•23 

8 

•32 

•03 

'          4 

85^65 

157-71 

9 

94-97 

169-61 

5 

•27    • 

-19 

•810 

•62 

•20 

6 

84-88 

156-66 

1 

•28 

168-79 

7 

48 

•10 

2 

93-92 

-38 

8 

•08 

155  55        ' 

3 

':>ri 

167-92 

•8382 

84-00* 

155  45 

4 

•18 

•46 

-839 

83-69 

-02 

5 

92-81 

•00 

•840 

•31 

154-49 

6 

•44 

166-53 

1 

82-92 

153-96 

7 

•07 

•07 

1          2 

•54 

-48 

8 

•71 

165-62 

3 

1 

•15 

152-89 

•  Rectilied  Spirit  B.P. 
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Densities  of  various  ICixtures  of  Alcohol  with  Water — coTitinued. 


Specific 

6r»TitTftt 

IS'i  C. 

Percentage  of 

Abeolnte 

Alcohol 

Percentage  of 
Proof  Spirit 

Specific 

Gravity  at 

16'-5  C. 

(=«0*F.) 

by  weight. 

by  measure. 

(=60-  F.) 

•844 

81-76 

152-34 

•892 

5 

•36 

151-78 

3 

6 

80-96 

-21 

1              4 

7 

•54 

150-61 

5 

8 

-13 

•00 

6 

9 

79-72 

149-88 

7 

•850 

-32 

148*84 

8 

1 

78-92 

•27 

9 

2 

•52 

147-69 

•900 

3 

-12 

•11 

1 

4 

77-71 

146  51 

2 

5 

•29 

145-89 

3 

6 

76-88 

•28 

4 

7 

•46 

144-66 

5 

8 

•04       • 

•04 

6 

9 

75-59 

143-35 

7 

•860 

•14 

142-66 

8 

1 

74-68 

141  96 

9 

2 

•23 

•26 

•910 

8 

73-79 

140-59 

1 

4 

•88 

139-96 

2 

5 

72-96 

-32 

3 

6 

-52 

138-65 

4 

7 

•09 

137-98 

5 

8 

71-67 

-33 

6 

9 

•25 

136-69 

7 

•870 

70-84 

-07 

8 

1 

-44 

135-45 

9 

2 

•04 

134-84 

-91984 

3 

69-63 

•19 

•9200 

4 

•21 

133-54 

05 

5 

68-79 

132-89 

10 

6 

•38 

•23 

15 

7 

67  ^96 

131  58 

20 

8 

•54 

130^92 

25 

9 

•13 

•26 

30 

•880 

66-70 

129^57 

35 

1 

•26 

128-87 

40 

2 

65-83 

•19 

45 

8 

•42 

127^52 

50 

4 

65^00 

126  ^85 

55 

5 

64-57 

•15 

60 

6 

•13    . 

125  44 

65       ' 

7 

63-70 

12473 

70 

8 

•26 

•02 

75 

9 

62-82 

123-29 

80 

•890 

•86 

122  53 

85 

1 

61^92 

121^79 

90 

Percentage  of 

Absolate 

Alcohol 

by  weight. 


Percentasre  of 
Proof  Spirit 
by  measure. 


61-50 

12111 

-08 

120^42 

60-67 

119-74 

-26 

-05 

69-83 

118-34 

-39 

117-61 

58-95 

116-88 

-50 

-11 

-05 

115-33 

57-63 

114-62 

•21 

113-92 

56-77 

-18 

-82 

112-41 

55-86 

111-64 

•41 

110-84 

54-95 

•03 

-48 

109-20 

-00 

108-36 

53  67 

107-61 

-13 

106-86 

62-68 

-07 

•23 

105-27 

51-79 

104-50 

-38 

103-78 

50-96 

-06 

•52 

102-28 

•09 

101-51 

49-64 

100-68 

49-24* 

10000 

-16 

99  •se 

48-96 

•49 

-73 

•08 

•50 

98-67 

•27 

-26 

•05 

97-85 

47-82 

-44 

•59 

-03 

•36 

96-62 

•14 

-21 

46-91 

96-79 

•68 

-38 

-46 

94-97 

-23 

-56 

•00 

-u 

46-77 

93-73 

•55 

-31 

•32 

92  89 

•09 

-48 

Proof  Spirit. 
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Denflities  of  variouB  Mixtures  of  Alcohol  with  Water—continued. 


Specific 

Ontvity  at 

15*-6  C. 

1 

Pcrccntaire  of 

Absolate 

Alcoliol 

Percentage  of 
I»roof  Spirit 

Specific 

Gravity  at 

15'-5  C. 

Percefttageof 
Absolate 
Alcohol 

Percentage  of 
Proof  Spirit 

(  =  60'F.) 

by  weigiit. 
46-86 

by  meaanre. 
92^06 

(=60*  F.) 
•9540 

by  weight. 
32-25 

by  measure. 

•9295 

67-92 

•9300 

•64 

91^64 

45 

81  94 

•80 

05 

•41 

•23 

50 

•62 

66-68 

10 

•18 

90^81 

i        55 

•31 

•05 

15 

43-95 

•39 

60 

•00 

65-43 

20 

•71 

89^59 

65 

30^72 

64-87 

25 

•48 

•50 

70 

•44 

•32 

30 

•24 

•06 

75 

•17 

63^77 

35 

•00 

88-62 

80 

29^87 

•17 

40 

42-70 

•18 

85 

•58 

62  49 

45 

•52 

87  73 

90 

•20 

61-82 

60 

•29 

•29 

95 

28-87 

•16 

55 

•05 

86^84 

•9600 

•56 

60*53 

60 

41-80 

•37         1 

05 

•25 

59  ^90 

65 

•55 

85-90 

10 

27^93 

•26 

70 

•30 

•43 

15 

•57 

58  53 

75 

•05 

84^96 

20 

•21 

57^80 

80 

10-80 

•49 

25 

26-87 

•09 

85 

•55 

•02      : 

30 

•53 

5641 

90 

•30 

83  54 

35 

•20 

55  73 

95 

•05 

•07 

40 

25-86 

•03 

•9400 

39^80 

82^59 

45 

•50 

54-80 

05 

•55 

•12 

•9650 

•14 

53-56 

10 

•30 

81  ^64 

1 

•07 

•42 

15 

•05 

'17         1 

2 

•00 

•27 

20 

38  78 

80^64        1 

;     3 

24*92 

•11 

25 

•50 

•11 

4 

•85 

52  95 

30 

•22 

79  57 

5 

•77 

•80 

35 

37-94 

•     ^04 

6 

•69 

•64 

40 

•67 

78-50 

7 

•62 

•48 

45 

•39 

77^96 

»8 

•54 

•32 

50 

•11 

•42 

9 

•46 

•16 

55 

36^83 

76^88 

-9G60 

•88 

•00 

60 

•56 

•34 

1 

•31 

51^84 

65 

•28 

75^80 

a 

•23 

•69 

70 

•00 

•26 

3 

•15 

•53 

75 

35-75 

74-78 

4 

•08 

•37 

•       80 

•50 

-30 

:          5 

•00 

•21 

85 

•25 

73-81 

6 

23-92 

•06 

90 

•00 

-83 

7 

-85 

60-89 

95 

34-76 

72-87 

8 

'77 

-73 

•9500 

•.V2 

-41 

9 

•69 

•57 

05 

•29 

71-94 

-9670 

•62 

•41 

10 

-05 

•48 

1 

•54 

•25 

15 

33-76 

70-92 

2 

•46 

•10 

20 

-47 

•34       ; 

3 

•88 

49^94 

25 

-18 

69-76 

4 

•31 

•78 

80 

32-87 

•16        1 

5 

•23 

•63 

35 

•56 

68-54 

6 

•15 

•47 
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BensitiM  of  various  Kixtures  of  Alcohol  with  Water— con/int^ 


Spedflc 

GnTHy  at 

W'S  c. 

AbMtnte 
Alcohol 

Percentage  of 
Proof  Spirit 

Specific 

GraTltyat 

15'-5  C. 

Percentage  of 
Abeolote 
Alcohol 

Percentage  of 
Proof  Spirit 
hy  meaanre. 

(-«r  F.) 

t^  weight. 

l^measiire. 

(a6(r  C.) 

hy  weight. 

•9677 

23-08 

49-31 

•9726 

19-17 

41-16 

8 

•00 

•16 

7 

•08 

40-98 

9 

22*91 

48^99 

8 

•00 

-81 

•9680 

•86 

•83 

9 

18-92 

-64 

1 

77 

•67 

•9730 

•85 

•48 

2 

•69 

•51 

1 

77 

•32 

8 

•62 

•35 

2 

•69 

•16 

4 

•54 

•19 

3 

-62 

•00 

6 

•46 

•03 

4 

•54 

39-83 

6 

•88 

47-87 

6 

•46 

•67 

< 

•81 

71 

6 

-88 

•51 

8 

•23 

•56 

7 

-31 

•35 

9 

•16 

•39 

8 

•23 

•19 

•9690 

•08 

•28 

9 

•16 

•08 

1 

•00 

•07 

•9740 

•08 

38-87 

2 

21-91 

46-92 

1 

-00 

71 

8 

•86 

•76 

2 

17-91 

•63 

4 

77 

•69 

8 

-83 

•36 

5 

•69 

•43 

4 

75 

•18 

6 

•62 

-27 

6 

•66 

-01 

7 

•54 

•11 

6 

•58 

37-83 

8 

•46 

46-96 

7 

•60 

-66 

9 

•38 

79 

8 

•42 

•48 

•9700 

•31 

•63 

9 

-33 

•31 

1 

•23 

•47 

•9760 

•25 

-13 

2 

•15 

•81 

1 

-17 

36-96 

8 

•08 

•16 

2 

•08 

•78 

4 

•00 

44-99 

8 

-00 

-61 

6 

20-91 

•81 

4 

16-91 

•43 

6 

•88 

•63 

6 

•83 

•27 

7 

•76 

•46 

6 

75 

•11 

8 

•66 

•29 

7 

-66 

35-95 

9 

•58 

•12 

8 

•58 

77 

•9710 

•60 

43-94 

9 

•50 

•62 

1 

•42 

77 

-9760 

•42 

•46 

2 

•83 

•60 

1 

-33 

-30 

8 

•26 

•42 

2 

•25 

•14 

4 

•17 

•25 

3 

•17 

34-97 

6 

•08 

•07 

4 

•08 

•82 

6 

•00 

42-90 

6 

•00 

•66 

7 

19-91 

73 

6 

15-91 

•50 

8 

•83 

•66 

7 

•83 

-32 

9 

76 

•38 

8 

75 

•14 

•9720 

•66 

•20 

9 

-66 

33 '96 

1 

•68 

•08 

•9770 

-58 

78 

2 

•60 

41-86 

1 

-50 

-61 

8 

•42 

•68 

2 

•42 

•43 

4 

•88 

•61 

3 

•33 

26 

5 

•26 

-83 

4 

•25 

•08 
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Densities  of  yarious  Kixturee  of  Alcohol  with  Water— eonl^fMi^ 


Spedflc 

Orarlty  at 

15'-5  C. 

Percentage  of 
Abaolnte 
Alcohol 

Percentage  of 
Proof  Spirit 

Specific 

OraTityat 

15**5  C. 

Percentage  of 
Abeolnte 
Alcohol 

Percentage  Of 
Proof  Spirit 
by  meaanre. 

(=60- F.) 

by  weight. 

by  meaanre. 

(=«r  F.) 

by  weight 

•9775 

1617 

82-91 

•9824 

11^81 

24-62 

6 

•08 

•73 

5 

•23 

•36 

7 

•00 

•56 

6 

•16 

•20 

8 

14*91 

•38 

7 

•08 

•04 

9 

•88 

•18 

8 

•00 

28  87 

•9780 

•75 

31-99 

9 

10-91 

•67 

1 

•66 

79 

-9830 

•81 

•47 

2 

•58 

•60 

1 

•72 

•27 

8  . 

•50 

•41 

2 

•68 

•07 

4 

•42 

-22 

3 

•54 

22-87 

5 

•83 

-03 

4 

•44 

•67 

6 

•25 

30-84 

5 

•35 

•47 

7 

•17 

•64 

6 

•26 

•27 

8 

•08 

•45 

7 

•16 

•07 

9 

•00 

•26 

8 

•07 

21^87 

•9790 

13-92 

•10 

9 

9-99 

•70 

1 

•85 

29^93 

-9840 

•92 

•65 

2 

•77 

•77 

1 

•86 

•40 

8 

•69 

-61 

2 

•78 

•26 

4 

•62 

•44 

3 

•70 

•08 

5 

•54 

•29 

4 

•68 

20*93 

6 

•46 

•11 

5 

•56 

-78 

7 

•39 

28-95 

6 

•49 

•63 

8 

•31 

•79 

7 

•41 

•46 

9 

•23 

•62 

8 

•34 

•81 

•9800 

•15 

•46 

9 

•27 

•16 

1 

•08 

•29 

•9850 

•20 

•01 

2 

•00 

•13 

1 

•12 

19-84 

8 

12-92 

27-97 

2 

•05 

•69 

4 

•85 

•80 

3 

8-98 

•54 

5 

•77 

-64 

4 

•91 

•88 

6 

•69 

-48 

5 

•84 

•23 

7 

•62 

-31 

6 

•77 

•08 

8 

•54 

•15 

7 

•70 

18  ^93 

9 

•46 

26-98 

8 

•62 

76 

•9810 

•39 

•82 

9 

•55 

•61 

1 

•31 

'66 

•9860 

•48 

•46 

2 

•23 

•49 

1 

•41 

•31 

3 

•15 

•33 

2 

•84 

•16 

4 

•08 

•16 

3 

•27 

•01 

5 

•00 

•00 

4 

•20 

17-86 

6 

11-92 

25-83 

5 

•18 

71 

7 

•85 

-66 

6 

•06 

•66 

8 

•77 

•50 

7 

7-99 

•41 

9 

•69 

-34 

8 

•92 

•26 

•9820 

•62 

•17 

9 

•86 

•10 

1 

•54  , 

•01 

-9870 

•78 

16  ^96 

2 

-46 

24-84 

1 

•71 

•80 

8 

-39 

•68 

2 

•64 

•66 

ALCOHOL  TABLES. 


67 


Densities  of  ▼arions  Mixtures  of  Alcohol  with  Water— continued. 


Spedfle 
OnTltjat 

Abtolnte 
Alcohol 

Percentage  of 
Proof  Spirit 

Specific 

.Gravity  at 

16*-6  C. 

Percentage  of 
Absolute 
Alcohol 

Percentage  of 
Proof  Spirit 

(-«•  F.) 

b  J  weight. 

by  meMore. 

(=«(>•  F.) 

bj  weight 

by  measure. 

9878 

7-67 

16^60 

•9922 

4-89 

9-62 

4 

•60 

•35 

8 

•38 

•49 

5 

48 

•20 

4 

•27 

•36 

6 

•87 

•07 

5 

•20 

-20 

7 

•30 

1592 

6 

•14 

•07 

8 

•28 

77 

7 

•08 

8-94 

9 

•16 

•62 

8 

•02 

-81 

-9880 

•09 

•47 

9 

3-96 

•68 

1 

•02 

•31 

•9930 

•90 

•65 

2 

6-95 

•16 

1 

•84 

•42 

8 

•89 

•03 

2 

78 

•29 

4 

•82 

14-88 

3 

73 

•18 

6 

•76 

73 

4 

•67 

•05 

6 

•69 

-60 

5 

-61 

7-92 

7 

62 

•45 

6 

•65 

•79 

8 

•56 

•30 

7 

•49 

•66 

9 

•49 

•17 

8 

•43 

•63 

-9890 

•42 

•02 

9 

•87 

•40 

1 

•86 

13-87 

•9940 

•82 

•29 

2 

•29 

74 

1 

•26 

•16 

3 

•22 

•59 

2 

•20 

•02 

4 

•16 

•43 

3 

•14 

6*89 

5 

•09 

•30 

4 

•08 

76 

6 

•02 

•16 

6 

•02 

•63 

7 

6  96 

•02 

6 

2^97 

•62 

8 

•86 

12-87 

7 

•91 

•39 

9 

•83 

•74 

8 

•85 

•26 

•9900 

77 

•61 

9 

79 

•13 

1 

70 

•46 

•9960 

74 

•02 

2 

•64 

•33 

1 

•68 

5-89 

8 

•58 

•20 

2 

•62 

76 

4 

•61 

•05 

3 

•67 

•65 

5 

•46 

11  92 

4 

•51 

•62 

6 

•39 

79 

6 

•45 

•39 

7 

•32 

•64 

6 

•89 

•25 

8 

•26    . 

•61 

7 

•84 

•14 

9 

•20 

•38 

8 

•28 

•01 

-9910 

•13 

•22 

9 

•22 

4-88 

1 

•07 

•09 

•9960 

•17 

77 

2 

•01 

10-96 

1 

•11 

•64 

8 

4^94 

•81 

2 

•05 

•51 

4 

•88 

•68 

8 

1-99 

•38 

5 

•82 

•66 

4 

•94 

•27 

6 

76 

•42 

5 

•89 

•16 

7 

70 

•29 

6 

•83 

•03 

8 

•64 

•16 

7 

78 

8-92 

9 

•67 

•01 

8 

73 

•81 

•9920 

•51 

9^88 

9 

•67 

•68 

1 

•46 

75 

•9970 

-61 

•64 
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Densities  of  variouB  Mixtures  of  Alcohol  with  Water— om^ni^. 


Specific 

GniYlty  at 

15'-6  C. 

Percentage  of 
Absolute 
Alcohol 

Percentage  of 
Proof  Spirit' 
by  measure. 

Spedflc 

Gravity  at 

16'»  C. 

Percentage  of 
Absolute 
Alcohol 

Percentage  of 
Proof  Spirit 

(=60*  F.) 

bjwdj^t. 

(=6(r  F.) 

by  weli^t. 

by  measure. 

•9971 

1-66 

3  43 

•9986 

0-74 

1-68 

2 

•51 

•32 

7 

•69 

•62 

8 

•46 

•19 

8 

•64 

•41 

4 

•40 

•08 

9 

•68 

•28 

6 

•34 

2-96 

•9990 

•63 

•17 

6 

•29 

•84 

1 

•47 

•04 

7 

•23 

•71 

2 

•42 

0-93 

8 

•18 

•60 

3 

•87 

•82 

9 

•12 

•47 

4 

•32 

•71 

'9980 

•07 

•86 

6 

•26 

•67 

1 

•02 

•26 

6 

•21 

•46 

2 

0-96 

•12 

7 

•16 

•36 

8 

•91 

•01 

8 

•11 

•24 

4 

•86 

1-87 

9 

•06 

•11 

6 

•80 

•76 

1-0000 

•00 

•00 

157.  In  the  part  of  the  foregoing  table  referring  to  alcohol  of 
greater  strength  than  proof  spirit,  only  the  percentages  of  alcohol 
and  proof  spirit  are  given  which  correspond  to  densities  which  can 
he  accurately  expressed  by  three  figures.  Between  the  concentra- 
tions of  49  and  25  per  cent,  of  absolute  alcohol  the  table  is  more 
extended,  and  for  still  more  dilute  spirit  the  percentages  of  alcohol 
and  proof  spirit  are  given  which  correspond  to  every  degree  of 
density  expressed  to  the  fourth  place  of  decimals.  As  arranged, 
the  table  will  be  found  sufficiently  copious  for  all  cases  likely  to 
occur  in  practice.  When  it  is  desired  to  ascertain,  in  strong  spirit, 
the  proportion  of  alcohol  corresponding  to  a  determination  of. 
density  to  the  fourth  decimal  place,  it  may  be  effected  by  intercala- 
tion. The  following  example  shows  the  application  of  the  method 
to  a  sample  of  spirit  of  •SOTS  specific  gravity  : — 7 2 '09  — 71*67  = 

•42  V  S 
•42;   and      ^^       ='126;    and   7209-*126  =  71-964,  as  the 

percentage  of  alcohol  in  spirit  of  a  density  of  '8673. 

158.  The  following  rules  give  the  means  of  calculating  per- 
centages of  alcohol  by  weight  or  volume  to  the  corresponding 
percentages  of  proof  spirit,  and  vice  versa.  The  percentage  of 
alcohol  by  volume  is  a  mode  of  expression  not  common  in  England, 
but  is  the  usual  way  of  valuing  spirit  adopted  in  France,  Belgium, 
Germany,  the  United  States,  and  some  other  countries. 

a.  The  percentage  by  volume  of  absolute  alcohol  may  be  obtained 
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by    multiplying    the    percentage    of    proof  spirit  by  the   factor 
0-5706. 

6.  The  percentage  by  volume  of  absolitte  alcohol  may  also  be 
obtained  by  multiplying  the  percentage  of  alcohol  by  weight  by 
the  observed  specific  gravity,  and  dividing  the  product  by  0*7938 
(or  multiplying  it  by  1'26). 

c.  The  percentage  by  volume  of  proof  spirit  can  be  obtained  by 
dividing  the  percentage  of  absolute  alcohol  by  volume  by  0*5706 
(or  multiplying  it  by  17525). 

d.  The  percentage  by  volume  of  proof  spirit  may  be  obtained 
by  multiplying  the  percentage  by  weight  of  absolute  alcohol  by 
the  specific  gravity,  and  the  product  by  2*208. 

e.  The  percentage  of  absolute  aicolwl  by  weight  may  be  found 
by  dividing  the  percentage  of  proof  spirit  by  the  product  of  the 
specific  gravity  and  2*208. 

/.  The  percentage  of  absolute  alcohol  by  toeight  may  be  found 
by -multiplying  the  percentage  of  alcohol  by  volume  by  0*7938,  and 
dividing  the  product  by  the  density. 

If  the  percentage  of  alcohol  by  weight  be  called  W,  the  per- 
centage by  volume  V,  the  percentage  of  proof  spirit  P,  and  the 
specific  gravity  D,  then  the  following  equations  embody  the  in- 
structions given  in  the  foregoing  rules  :— 

a.  V-Px  0-6706. 

^•^-0W8-^^^^-26. 

d.  P  -  WD  X  2-208. 
P 


W- 


/.  w. 


D  X  2-208 
Vx  0-7938 
D 


159.  When  it  is  required  to  calculate  the  proportion  of  proof  or 
any  other  strength  of  spirit  a  particular  sample  of  alcohol  contains,  or 
would  contain,  when  diluted,  the  following  formula  should  be  used : — 

Pensentageof  proof  spirit  in  sample  ]^f^  *"._l®^  meMures  of  the  more 

\  dilate  spirit. 

Thus,  if  it  be  required  to  know  what  percentage  of  gin  at  20°  TJ.P. 
is  contained  in  a  watered  sample  of  44°  U.P.,  the  foUowiQg  cal- 
culation will  suffice : — 

— — =s70  per  cent,  by  volume.      Hence   the   sample  is 
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of  n  strength  corresponding   to  the  dilution  of  7  gallons  of  gin  at 
20°  U.P,  to  10  gallons  by  atldition  of  water. 

Agnin,  to  oacertiun  the  proportion  of  water  which  must  be  added 
to    spirit  at  35°  O.P.,  to    reduc«   the   strength  to  10°  U.P. : — 

90XlOO^gg.y  ,j^j      jg       ^       ^j^^^      ^j^^      ^j       jQ,      jjp         gg,^ 

meoflures  of  spirit  at  36°  0,P,  must  be  diluted  to  100,  or  every 
two  gallons  must  be  made  up  to  three  by  addition  of  water. 

160.  A  colori metric  method  of  determining  alcohol  has 
been  described  by  M.  Monell  (Chem.  Centr.,  1877,  24).  It  is 
iHisod  on  the  fact  that  the  addition  of  nitrate  of  cobalt  to  on 
alcoholic  solution  of  ammonium  thiocyanate  (eulphocyanide) 
produces  a  deep  blue  colour  which  disappears  on  dilution  with 
water,  and  is  reBtoted  by  a  furthur  addition  of  aluohoL  If  a 
measured  quantity  of  this  deep  blue  liquid  be  poured  into  a  cylinder 
and  the  liquid  to  be  tested  be  added  till  a  certain  standard  tint  is 
reached,  the  volume  of  the  mixed  liquids  will  be  greater  the  more 
alcohol  the  Bomple  contains.  The  standard  tint  may  be  obtained  by 
the  use  of  a  sample  containing  a  known  proportion  of  alcohol,  and 
if  it  be  made  the  same  as  a  piece  of  cobalt-blue  glass  the  latter  may 
l)e  substituted  for  it  in  subsequent  experiments.  The  blue  solution 
of  cobalt  thiocyanate  must  always  be  prepared  with  alcohol  of  the 
sume  strength.  The  author  of  this  process  states  that  it  will  give 
results  within  ^  per  cent,  of  the  truth.  A,  Vogel  writes  favourably 
of  the  method,  and  "  believes  it  might  be  developed  so  as  to  give 
approximate  results," 

Other  plans  for  the  determination  of  alcohol  have  been  based 
on  its  rate  of  dilatation  by  heat,  on  the  surface-tension  of  the  liquid, 
on  the  tension  of  its  vapour,  and  on  its  boiling  point.  These 
methods  are  capable  of  being  used  with  advantage  under  special 
circumstances,  but  they  rei^uire  special  apparatus  and  are  generally 
less  accurate  and  convenient  than  those  already  given.  For  the 
general  purposes  of  the  laboratory  the  determination  of  alcohol  by 
observation  of  its  density  is  by  far  the  best  plaiL 

161.  For  tlie  determination  of  very  email  quantities  of  aleohol, 
the  following  method  described  by  A.  Dupr^  {Jour.  Chem.  Soc,  Jtx. 
495)  may  be  very  advantageously  used.  It  was  first  proposed  by 
E.  Chapman,  and  is  based  on  the  fact  that  when  alcohol  is  heated 
with  chromic  acid  it  is  oxidised  to  acetic  acid,  which  may  be 
distilled  off  and  titrated  with  accuracy  by  standard  alkali,' 

'  According  to  L,  Duicai,  acetic  acid  ia  oxidised  by  hot  chromic  add  or 
potusaium  bichiomatc  nuiI  atUphuric  actd,  with  formation  of  cortKimc  acid.  It 
is  probable  that  any  such  Kction  is  strictly  confined  to  very  conceDtratod 
liqnids.  On  tbe  other  hand,  the  fomtio  acid  prodnced  from  methyl  alcohol  in 
urther  oxidised  witli  great  facility. 
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^^^njn  practici!,   a  weighed  amount   of  spirituous  liquid  is  taken 
^^Kfrliich  will  coutaiii  about  O'l  gRimme  (not  more  tlian  0'2)  of  real 
^■^alooboL'     Tliis  is  made  up  to  about  20  tc.  by  addition  of  wator, 
and  18  placed  in  a  small  strong  flask.     A  liquid  is  next  pivpared 
contuning  10  grammes  of  potassium  bichromate  and  20  grammes 
(or  ll'S  C.C,)  of  strong  aulphuric  acid  in  each  100  c.c,  the  volume 
being  made  up  with  wator.^     10  tc.  of  this  chromic  acid  solution 
are  introduced  into  the  flask,  which  ia  then  securely  closed  by  an 
india-rubber  stopper  tied  down,  and  suspended  in  a  bath  of  boiling 
vater  for  two  hours,  by  which  time  all  the  alcohol  will  have  been 
to  acetic  acid.     After  cooling,  the  flask  ia  opened  and 
Iphuric  acid  and  granulated  zinc  added  to  reduce  the  excess  of 
acid.     The  green  liquid  is  then  distilled,  pumice  or  tolmcco- 
pipe  being  added  to  prevent  bumping.     'When  nearly  dry,  water 
should  )>e  added  and  the  distillation  repeated.     The  acetic  acid 
in  the  distillate  is  then  determined  by  titration  with,  decinormal 
^^  eoda,  ond  phenotphthalein  as  indicator.     Before  commencing  the 
^^^^tntion  it  is  desirable  to  add  a  drop  or  two  of  barium  chloride  aa 
^^H^  test  for  sulphuric  acid.     Any  precipitate  must  be  filtered  oflT,  and 
^^r46  parts  of  alcohol  subtracted  for  every  233  of  barium  sulphate 
obtained.     Each   1  c.c.  of  decinormal    alkali    required  represents 
0"0046  gmmme  of  real  alcohol  in  the  liquid  Bxamined.    In  presence 
of  acetic  acid  or  foreign  fixed  matter,  the  spirituous  liquid  must 
be  rendered  slightly  alkaline  and  distilleil,^  the  chromic  acid  treat- 
ment being  applied  to  the  distillate  or  a  portion  of  it. 

The  method  of  Thresh,  described  in  par.  161,  ij,  may  be  cm- 
ployed  for  the  approximate  determination  of  small  quantities  of 
alcohoL 

162.  Thk  Uetehmination  of  Alcohol  in  pkbsbnob  of  fixed 
lUTTERS  cannot  be  effected  directly  by  the  specific  gravity  method,  ' 
but  approximate  results  can  be  obtained  by  several  of  the  alter- 
native processes  already  given.  The  indirect  determination  by 
the  density  may  bo  effected  in  wine  and  l)eer  with  tolerable 
accuracy  by  the  following  method  devised  by  Tabarie  : — 

a.  The  specific  gravity  of  the  original  liquid  is  first  accurately 
observed.  A  measured  quantity,  such  as  100  c.c,  is  then  boiled 
sufficiently  long  to  volatilise  all  the  alcohol,  and  the  "  extract " 
Bubeequently  made  up  with  water  again  to  the  exact  original 
'  Larger  quantities  may  be  used  if  the  proportions  of  water  and  oxidinitg 
mixtnro  nr«  duly  iaereaaed, 
'  These  proportions  iro  safficient  for  Iha  reaction —  t 

K,Cr,0,  +  BHj304-Cr,(S0,),  +  2KH.W,4<H,0  +  0,. 
*  A  further  concentration  of  tba  alcohol  hy  rediatilUtion  from  a  aligbtly  acid 
liquid  i«  often  desirable. 
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bulk,  thp  dilution  being  executed  at  15°'5C.  ( 

Sptclflc  KT.vIly  of  origln»l  liquid    „       .,  ^        , 
cSpecUle  gnfttj  a> 


'F.).     Then, 

mkohfll  enpanled. 


From  the  last  figure  the  proportion  ot  alcohol  can  be  ascortained 
by  roference  ta  the  table  in  par  156.  When  beer  or  wine  is 
examined  by  thia  method,  the  estimation,  of  alcohol  bns  a  tendency 
to  he  low,  hut  the  process  is  extremely  simple  and  the  results 
approximate  closely  to  the  truth, 

163.  b.  The  following  method  for  the  determination  of  alcohol 
iu  wine  and  other  alcoholic  liquids  containing  fixed  matters  is  of 
very  general  application  and  is  thoroughly  satisfactory  : — 

50  cc.  of  the  sample  are  accurately  measured  at  15'''5  C 
(  =  60°  F.).  In  the  case  of  beer  and  other  liquids  weak  in  spirit, 
100  c.c.  may  be  appropriately  token.  Any  free  acid  in  the 
sample  is  next  neutralised  by  a  cautious  addition  of  caustic  sodO) 
which  ehould  be  used  in  amount  sufficient  to  impart  a  slight 
alkaline  reaction.  About  O'l  gramme  of  tannin  is  next  added  (to 
prevent  frotliing),  and  the  liquid  is  made  up  with  water  to  about 
150  C.C. 

It  is  next  placed  in  a  small  retort  or  flask  fitted  air-tight  to  a 
Liebig's  condenser,  or  similar  arrangement  allowing  of  thorough 
cooling  of  the  vajwurs,  and  is  distilled  by  a  gentle  heat,  the 
distillate  being  collected  in  a  flask  holding  100  c.c.  When  the 
distillate  has  a  volume  witliin  a  few  centimetres  of  this  quantity, 
the  operation  is  arrested,  the  distillate  thoroughly  mixed  by  agita- 
tion, and  brought  to  a  temperature  of  60°  F.,  when  it  is  made 
up  to  100  c,c  exactly  by  addition  of  distilled  water  at  60"  F. 
The  liquid  is  again  well  mixed,  and  the  density  carefully  taken 
by  a  50  cc.  specific  gravity  bottle,  or  a  Sprengel's  tube,  when 
a  refersmce  to  the  table  (par.  156)  will  at  once  show  the  per- 
centage of  alcohol  by  weight  contained  in  the  distillate.     Then, 

DmullTDf  dlitUlnUxmeuoreor  dinniitaln  ccxpercenLafilccihoKoaiidEii  dlituruebf  Ulila 

DeniJly  nl  unipLe  x  mBUun  ol  luapli  Iikeo  In  c.c 

^Fenentgigc  at  sbnlote  iCcoIiqI  by  wdgbt  contaliieit  In  Ihe  amplt. 

This  calculation  involves  the  necessity  of  knowing  the  density  of 
the  originf^.  sample.  If  unkno^vn,  the  determination  may  be 
avoided  by  carefully  weighing  the  50  or  100  c.c  taken  for  the 
experiment,  and  substituting  this  weight  in  grammes  for  the  de- 
nominator of  the  above  fraction. 

The  calculation  can  be  wholly  avoided,  and  a  more  satisfactory 
result  obtained  by  weighittg  the  original  sample  instead  of  measur- 
ing it,  and  also  weighing  the  distillate.     About  50  grammes  of 
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the  sample  should  be  taken,  and  the  rtiatillnte  may  conveniently 
be  made  up  to  alwut  100  c.c.,  and  weighed.  After  thorouglily 
mixing  the  liquid  its  density  is  taken,  when, 

PWelRht  dT  dt>tllli<expen:eDlit|i«  o' alcolial  found  ]D  dlnlUUs  by  labia 
WdgHiurmmplcukcn  _— 

=  Pucenugc  of  AbulDte  aluliol  b;  WEl|{ht  contalDcd  Ln  IIH  tample' 

In  the  case  of  strong  spirituous  liquids,  the  sample  mny  be 
advant^eously  diluted  to  four  times  (insteiul  of  three  times)  its 
iginal  bulk  before  commencing  the  distillfttion,  the  boiling  being 
itinuetl  till  three-fourths  (instead  of  two-thirds)  of  the  entire 
Id  baa  passed  over. 
In  Idle  case  of  very  weak  alcoholic  liquids,  a  second  distillation 
from  a  faintly  acid  liquid  is  often  desirable. 

To  avoid  loss  of  alcohol  by  imperfect  condensation,  it  is 
desirable,  when  small  quantities  are  to  be  determined,  or  very 
aecurate  results  are  required,  to  use  an  apparatus  in  which  the 
retort  and  receiver  are  both  connected  air-tight  with  the  condenser. 
A  suitable  receiver  for  the  purpose  is  a  small  cylinder  graduated  at 
50,  100,  and  150  cc.,  and  furnished  with  an  india-rubber  stopper 
pierced  with  two  holes,  through  one  of  which  passes  the  end  of 
the  condenser  tube,  while  the  other  carries  a  safety-tube,  or  funnel, 
closed  by  mercury.  By  operating  in  this  manner,  a  certain  con- 
traction and  expansion  of  the  contained  air  is  permitted,  while  all 
is  prevented.  When  the  amount  of  the  distillate  approaches 
desired  volume,  the  receiver  is  detached,  and  the  contained 
^uid  transferred  to  a  flask  or  suitable  vessel  for  weighing  or 
measuring,  the  volume  Ijcing  made  up  with  the  rinsings  of  the 


coigu 
^5«ontl 


feraci 


^^  alec 


164.  Distillation  from  a  neutralised  liquid  suffices  to  separate 
akohol  from  fixed  substances  like  sugar  and  salt,  from  acids  {e.g., 

itic),  and  from  bodies  of  high  boiling  i>oint,  such  as  glycerin. 

presence  of  ether,  chloroform,  and  other  readily  volatile  bodies, 
'&e  distillate  will  contain  these,  and  must  be  subsequently  ejc- 
aniined  by  special  methods  adapted  for  the  |)articular  case  in 
question.  From  compound  ethers  generally,  alcohol  is  best  separ- 
at*'d  by  treating  the  distillate  with  twice  its  measure  of  a  saturated 
aqueous  solution  of  calcium  chloride,  in  which  most  of  the  ethers 
ai«  insoluble.  In  other  cases  the  separation  may  be  effected  by 
adding  anhydrous  calcium  chloride,  with  which  any  water  and 
iJc^ohol  combine,  while  the  ethers  may  be  distilled  off  by  the  heat 
of  a  water-hath.  By  subsequently  adding  water,  the  alcoholic 
compound  with  chloride  of  calcium  is  decomposed,  and  the  alcohol 
may  be  obtained  hy  distillation.     Fractional  distillation  may  be 
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conveniently  employed  in  some  casea  Any  detennination  of  the 
alcohol  in  such  mixtures  will  generally  be  merely  approximate, 
though  in  special  cases  fairly  good  results  are  obtainable.  (See 
articles  on  ether,  compound  ethers,  chloroform,  methyl  alcohol^ 
amyl  alcohol,  tinctures,  &c.) 

Appendix  to  Ethyl  Alcohol. 

ALCOHOLIC  AND  FERMENTED  LiaXIOBS. 

166.  Fermented  liquors  are  those  produced  by  allowing 
the  propagation  in  a  saccharine  liquid  of  a  peculiar,  low  vegetable 
growth,  which  feeds  on  the  sugar,  and  converts  it  into  the  excretary 
products  alcohol  and  carbon  dioxide,  together  with  smaller 
quantities  of  other  bodies. 

166.  Although  alcohol  may  be  synthetically  produced  by  a 
variety  of  laboratory  processes,  the  fermentation  of  saccharine 
matter  is  the  method  always  resorted  to  on  a  large  scale.  Sugar 
exists  ready  formed  in  the  grape,  but  when  alcohol  is  produced 
from  grain  the  starch  of  the  seed  is  first  converted  into  sugar,  and 
this  is  subsequently  changed  to  alcohoL 

167.  Although  various  kinds  of  sugar  can  be  used  for  the  pro- 
duction of  alcohol,  the  glucoses  only  appear  to  be  capable  of  direct 
alcoholic  fermentation,  other  kinds  of  sugar  undergoing  a  previous 
conversion  into  glucose.  Thus,  when  an  aqueous  solution  of  cane 
sugar  is  mixed  with  yeast,  and  exposed  to  a  temperature  of  about 
30°  C.,  the  sucrose  is  converted  into  the  mixture  of  glucoses  known 
as  "invert  sugar, "^  the  density  of  the  liquid  increases,  and  the 
glucoses  subsequently  ferment,  with  production  of  alcohol  and 
carbon  dioxide,  according  to  the  equations  : — 

Ci2H22^>u     +     HjO     =     2CeH,,0e;  and 

Cane  Sugar.  Invert  Sugar. 

CeHijOg     =     2C2H8OJ     +     2C0j. 

Glucose.  Alcohol.  Carbon  Dioxide. 

168.  The  change  of  the  starch  of  grain,  malt,  or  potatoes  into 
the  variety  of  sugar  called  maltose  is  effected  by  a  peculiar  nitro- 
genised  ferment  called  diastase,  the  proportion  of  which  in 
malt  is  said  not  to  exceed  '002  or  '003  per  cent,  of  its  weight. 
Subsequently,  under  the  action  of  the  yeast-ferment  (Saccharomyces 

^  If  the  proportion  of  yeast  be  very  small,  the  change  never  goes  beyond  the 
formation  of  invert  sugar,  the  formation  of  which  is  due  to  the  action  of  a 
soluble  ferment  called  invertin. 
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eeremria),  the  maltose  ia  converted  into  glucose,  which  splits  up 
into  alcohol  aud  carbon  dioside. 

In  tLe  cose  of  the  femientution  of  ^pe-juice,  the  cLruige  of 
the  glucose  into  alcohol  ia  brought  about  by  a  ferment  existing  on 
the  skins  of  the  fruit. 

In  all  coses  the  production  of  alcohol  is  accompanied  by  evolution 
of  gas  and  "  attenuation  "  or  decrease  in  the  specific  gravity  of  the 
liquid.  According  to  the  nature  of  the  hquid  and  the  manage- 
ment of  the  process,  the  product  is  wine,  beer,  cider,  koumiss,  &e. 
By  distillation,  the  alcohol  can  be  separated  from  the  fixed  matters, 
and  is  tlien  known  as  cognac,  whisky,  rum,  &c.,  according 
to  its  origin. 

169.  Ethyl  alcohol  and  carbonic  acid  are  the  chief,  but  by  no 
means  the  sole  products  of  vinous  fermentation.  The  higher  homo- 
lognes  of  ethylic  alcohol  are  probably  always  produced  in  greater 
at  less  proportion,  and  Pasteur  has  shown  that  glycerol 
(^ycerin),  CjHgOg,  and  succinic  acid  are  constant  products 
ans  fermentation.  The  proportion  of  succinic  acid 
jformed  varies  from  0"6  to  0^9  per  cent  of  the  weight  of  the  cane 
sugar  fermented,  and  the  glycerin  from  3'?  to  3'7  per  cent.  Thus, 
loo  grammes  of  Bugar-condy,  fenueuted  with  1'198  grammes  of 
dry  yeast,  gave  0*673  grammes  of  succinic  acid  and  3'640  grammeB 
of  glycerin,  or  a  total  of  4"130  grammes.^  In  consequeuce  of 
the  constant  formation  of  these,  and  traces  of  other  producbt, 
I  the  proportion  of  alcohol  produced  is  not  64 '97  per  cent  of  the 
[  irei(^t  of  the  cane  sugar  taken,  as  woidd  be  the  case  if  the  above 
fonnula  were  rigidly  correct,  but  only  51  per  cent.,  or  51j  per 
cent  at  the  outside. 

As  a  secondary  product  of  the  alcoholic  fermentation,  there  is 
also   in  practice  a  constant  production  of  acetic  acid,  which  is 

'  Tlie  mathod  emplojed  tiy  FaslsQr  for  determiDing  tlie  Buccinic  acid  uid 

glycerin  in  the  fenneDted  liquiil  was  as  follows  z^Wheo  the  fermeotatioD  was 

over  lud  all  the  augur  bad  disappeared  (whicli  occurred  in  fifteca  to  twenty 

dajs,  under  favourable  conditlouB),  tbe  liquid  was  filtered  and  ernpoiated  very 

Lllowiy,  80  that  from  twelve  to  twunty  hours  were  required  for  eaub  &00  c.  c. 

^~7beii  the  liquid  was  reduced  in  bulk  to  10  or  20  cc,  the  evaporation  was  wti- 

Ptiuood  in  tuiTUDOver  sulphurio  add.     Tlieayrup  obtained  was  tbea  treated  with 

^■mixtnrsortwa  mesfarea  of  atrong  alcohol  wiUi  three  or  ether,  and  tbe  liquid 

Utered.    The  ether-alcohol,  containing  the  succinic  acid   and  glycerin,  was 

eoneentnited  in  a  water-batb,  and  the  residna  dried  again  in  a  racanm.     Tbe 

reridae  was  treated  with  lime  irater  in  alight  eiceBS,  the  liquid  again  evaporated, 

and  the  glycerin  dissolved  out  from  tbe  calcium  auccinate  by  ether-alcohol. 

The  tolntion,  on  evaporattoB  in  a  dry  vacuum,  left  the  glycerin  in  a  condition 

fit  for  weighing,  while  tbe  calcium  auccinate  waa  purified  by  treatment  with  80 

p«r  cent.  ipiriC,  dried  and  weighed. 
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generally  considered  to  originate  from  the  yeast  itself,  in  which  there 
is  present  more  or  less  of  the  acetic  ferment,  mycoderma  aceti. 

170.  The  ahnormal  fermentation  of  liquids,  hy  which  they 
become  sour,  ropy,  or  putrid,  is  in  each  case  produced  by  a  parti- 
cular ferment.  Thus  the  lactic  acid  ferment  (PenicUlium  glaucum) 
decomposes  sugar  into  lactic  acid,  C^'Kfi^',  the  butyric  acid 
ferment  attacks  fatty  matters  with  liberation  of  butyric  acid 
C^HgOj;  and  putrid  ferments,  owing  to  their  avidity  for  oxygen, 
split  up  complex  organic  matters  into  a  variety  of  simpler  producta 
Under  certain  conditions,  cane  sugar  is  apt  to  undergo  the  mucous 
fermentation,  by  which  it  is  converted  into  m  a  n  n  i  t  e,  C^Hj^Og, 
gum,  CgHj^Og,  and  carbon  dioxide,  the  average  production  being 
51  per  cent,  of  mannite  and  45 J  per  cent,  of  gum.  Beet-root 
juice  and  certain  white  wines  are  especially  apt  to  undergo  the 
mucous  fermentation. 

171.  The  action  of  yeast  cells  on  sugar  is  prevented  by  too 
great  concentration  of  the  solution,  whether  due  to  alkaline 
chlorides,  gelatin,  glycerin,  or  sugar  itselt  The  presence  of  strong 
mineral  acids,  even  in  small  proportion,  prevents  or  retards  the 
vinous  fermentation,  phosphoric  acid  alone  acting  favourably. 
Fermentation  is  also  prevented  by  a  veiy  small  quantity  of  carbolic, 
salicylic,  or  sulphurous  acid,  or  other  antiseptic  j  or  by  a  con- 
siderable proportion  of  alcohol. 

172.  The  following  table  shows  the  percentage  of  absolute 
alcohol  present  in  certain  typical  fermented  liquors,  as  they  occur  in 
commerce.  In  the  case  of  the  stronger  wines,  an  addition  of 
alcohol  has  been  made. 


Port  (old  bottled),  . 

.     20-2 

BUdesheimer,  . 

.       9-2 

„     (newly  bottled), 

.     17-4 

Anerbacher,    . 

8-4 

Sherry  (Montilla,  1864), . 

.     16-8 

Burton  ale, 

.       5-9 

Fine  Marsala,  . 

.     17  0 

Edinburgh  ale, 

6-7  to  6-1 

Madeira, 

.     16-1 

London  porter. 

.     5-4  to  6*9 

Beaune,  . 

.     13-5 

Munich  lager-bier,  . 

.       6-1 

Ghampngne,     . 

.     10  0 

Cider, 

.       4-6 

Chftteau-Lafitte, 

.      8-7 

Schenkbier,     . 

3-8 

Bordeaux  (ordinary). 

.     6-4  to  8-7 

Berlin  Weissbier,    • 

.     1-8  to  2-0 

173.  The  Proportion  op  Alcohol  in  fermented  liquors  cannot 
be  deduced  by  a  direct  determination  of  the  density,  though  very 
fair  results  are  obtainable  by  Tabarie*s  indirect  method  (par.  163,  a), 
especially  if  the  sample  be  neutralised  by  agitation  with  magnesia  and 
filtered  before  ascertaining  the  density  of  the  alcoholic  liquid.  A 
greater  degree  of  accuracy  is  attainable  by  the  distillation-method 
(par.  163,  />).     In  the  case  of  wine,  the  determination  of  alcohol  by 
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distillation  is  apt  to  be  slightly  in  excess  of  the  truth,  owing  to  the 
presence  of  volatile  ethers  in  the  distillate,  while  the  results  by 
Tabarie's  method  are  correspondingly  low.  Hence  Lowe  recom- 
mends that,  where  great  accuracy  is  required,  both  methods  should 
be  employed,  and  the  mean  of  the  two  results  regarded  as  the 
truth. 
■    174.  Wine. — French,  Vin.     Germany  Wein. 

Strictly  defined,  wine  is  the  pure  fermented  juice  of  the  grape. 
in  practice,  pure  wine  may  have  received  certain  additions  essential 
to  the  stability  or  keeping  of  the  liquid.  The  following  is  a  com- 
parative statement  of  the  usual  constituents  of  "  must"  or  grape 
juice,  and  the  wine  resulting  from  its  f ennentation : — 


Must. 

Water,  73  to  86  %. 
Albaminoid  matters. 


Glooose  (chiefly  dextrose),  12  to  24  %. 


6am. 

V^;etable  macos. 

Coloariiig  matters  (traces  only). 

Tannm  (traces). 

Malic  acid  (in  bad  seasons). 

Potaasiam  hydrogen  tartrate.  | 
Calcium  tartrate.  ( 

Other  salts  of  oiganic  acids. 
Mineral  matters.^ 


Specific  gravity,  1065  to  1107. 
Total  dry  residue,  14  to  27  %. 


WiNB. 

Water. 

Residues  of  albuminoid  matters. 
'  Glucose  (chiefly  Iffivulose). 

Alcohol,  6  to  18  %. 

Glycerin,  0-6  to  1*5  %. 

Succinic  acid. 

Acetic  acid. 
^Ethers. 

Gum. 

Colouring  matters. 

Tannin. 

Malic  acid  (in  bad  seasons). 
t  Tartaric  acid, 

<  Potassium  hydrogen  tartrate. 
( Calcium  tartrate. 

Other  salts  of  organic  acids. 

Mineral  matters. 


Specific  gravity,  991  to  996. 
Total  dry  residue,  1  to  8  %. 


175.  J.  Carter  Bell  (Analyst,  v.  41;  vi  197,  221)  obtained  the 

*  The  following  is  the  average  composition  of  the  ash  of  genuine  grape  juice, 
as  deduced  from  analyses  by  J.  Carter  Bell  {Analyst,  vi.  197)  of  eighteen 
representative  samples  : — 

K,0      NsjO    CaO    MgO      leJO^  &  AlgOj     SiOj    PjOg    SO,    CI 
42-14      8-37    11-48    9*67  075  0*29     9*60    914  1*09 

The  potash  varied  from  54*24  to  81*28  per  cent.,  and  the  sulphuric  an- 
hydride from  18*68  to  8*14  per  cent.  The  total  ash  ranged  from  0*26  to  0*89 
per  cent,  of  the  grape  juice.  From  56*6  to  90*6  per  cent,  of  the  total  ash  was 
soluble  in  water. 
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following  results  by  the  analysis  of  the  juice  of  two  species  of 
grape.1     The  figures  are  grammes  for  100  cc. 


Bl«ck  English  Gnip«s. 

White  Almetni  Gnpet. 

Specific  gravity. 

Extract,  dried  at  100°  C,  . 
!         ,,            ,,           110    L/«,    •          • 

Glucose, 

Free  acid,  calculated  as  tartaric, 

Ash,  total,          .... 
„    soluble  in  water, . 
1 

1083*6 
22*90 
18*61 
13*21 

*70 

356 

*322=90*66  % 

1071  -0 
20*28 
15*96 
12*60 

*60 

•331 

•296-89*42% 

176.  In  completely  fermented  wines  the  glucose  is  almost 
wholly  converted  into  alcohol,  and  hence  Burgundy,  Moselle, 
Rhenish,  Carlowitz,  and  Claret  contain  little  or  no  sugar.  Sweet 
wines,  such  as  port  and  sherry,  contain  a  notable  quantity  of  unf er- 
mented  sugar.  A  "dry"  wine  will  contain  less  sugar  than  a  "full- 
bodied  "  wine.  To  prevent  the  sugar  from  undergoing  subsequent 
fermentation,  sweet  wines  require  to  be  fortified  by  an  addition  of 
brandy.  Cane  sugar  is  added  to  the  must  of  the  champagne  grape 
before  fermentation,  to  give  it  body  and  keep  it  sparkling  and  free 
from  acetification.  Only  the  very  purest  cane  sugar  is  suitable  for 
this  purpose.^  In  wines  which  have  been  "  plastered  "  by  adding 
gypseous  earth  to  the  grapes  or  must,  the  potassiimi  hydrogen 
tartrate  is  laigely  converted  into  potassium  sulphate  and  free 
tartaric  acid. 

By  long  keeping,  the  colouring  matters  and  acid  tartrate  of 
potassium  are  in  great  measure  deposited  ("  crust,"  "  bees'  wing  "), 
while  the  free  acids  are  partially  converted  into  ethyl  acetate, 
tartrate,  &c.  These  and  traces  of  other  ethers  give  to  old  wine 
the  delicate  flavour  and  "bouquet"  so  highly  prized  by  connoisseurs. 

177.  The  following  figures  by  Dupr6  show  the  leading  constitu- 
ents of  high  priced  wines  of  which  the  fermentation  has  been  ar- 
rested by  addition  of  alcohol.    The  figures  are  grammes  per  100  c.c. 

1  These  and  various  other  analyses  of  genuine  grape-juice  were  made  by 
J.  C.  Bell  for  comparison  with  various  samples  of  fictitious  "nnfermented 
wine,"  patronised  by  total  abstainers  and  stated  to  be  "  manufactured  from  the 
juice  of  the  grape,  for  family  and  sacramental  use,"  but  which  were  really 
composed  of  solutions  of  sugar  and  tartaric  acid,  flavoured  and  coloured, 
with  an  addition  of  salicylic  acid  to  prevent  fermentation. 

'  However  good  in  quality  white  sugar  obtained  from  beet-root  may  be,  on 
fermentation  it  always  produces  an  alcoholic  liquid  having  a  disagreeable  taste. 
Hence  the  white  sugar  employed  in  the  manufacture  of  champagne  ought 
always  to  be  derived  from  the  sugar-cane. 
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Sherry 

Hadetra 

Marsala 

Port 

Port 

(1860). 

(£.  Indian). 

(old). 

(1864). 

(1842). 

Specific  gravity, 

Alcohol,    .... 

997-9 

993-9 

996-6 

997-4 

986*9 

17-20 

17-76 

16-71 

17-53 

18*26 

£xtnict|    .... 

6-36 

4-35 

4-98 

5-39 

3-10 

Glucose,    .... 

2-97 

2-08 

3-24 

2-28 

1*01 

Mineral  matters, 

0-56 

0-39 

0-22 

0-26 

0*21 

Acidity  (as  H^T),       . 
Phosphoric  acid, 

0-62 

0-54 

0-33 

0*49 

0*40 

0-025 

0-042 

0-018 

0  033 

0'038 

The  proportion  of  alcohol  in  fortified  wines  is  sometimes  as  high 
as  22  per  cent.,  but  in  natural  wines  it  never  exceeds  13  per  cent. 

The  following  results  by  Fresenius  and  Boigmann  {Zeit  Anal. 
CJufnk,  xxii  46)  show  the  average  composition  of  certain  pure 
wines,  in  grammes  for  100  c.c.^: — 


(  Maximum, 
Alcohol  <  Minimum, 

(Average, 
Extract,  . 
Mineral  matters. 
Acidity,  . 
Glycerin, 
Sulphuric  acid  (SO,), 
Phosphoric  acid  (PsOb)* 


Red 
Main. 


9*61 

9-49 

9-50 

3*00 

0*32 

0*58 

1*19 

0  076 

0*065 


White 
Main. 


Hocks. 


10*15 
8*90 
9*52 
2-43 
0*19 
0*69 
1-10 
0*044 
0*039 


10*39 
6*42 
8*77 
2*32 
0*22 
0*66 
0*92 
0*047 
0*040 


White 
French. 


9-84 

9*06 

9*44 

2-54 

0*26 

0*62 

0*94 

0  017 

0*034 


Red 
French. 


9*32 

7*99 

8*56 

2*44 

0*25 

0*54 

0*86 

0  013 

0  027 


Moselle. 


8*72 

7-04 

8*08 

2*11 

018 

0*79 

0-73 

0  012 

0*047 


The  solid  matters  ranged  from  3*30  to  1-86;  the  ash  from  0*35 
to  0*15;  the  acidity  from  101  to  0-48;  the  glycerin  from  1*34  to 
0*64;  the  sulphuric  acid  from  0-082  to  0'006;  and  the  phosphoric 
acid  from  0-065  to  0*023  grammes  per  100  c.c.  of  wine.  The 
average  mutual  relations  of  the  various  constituents  of  the  wines 
were  as  follows: — 


Alcohol 

:  glycerin 

^ 

100: 

.10-5 

Extract 

:  acidity 

:= 

1000: 

:16-6 

Acidity 

:ash 

= 

10: 

3-4 

Ash 

:  extractives 

= 

1  : 

11-2 

Phosphoric 

acid 

:ash 

^ 

1  : 

6-8 

and 


.    From  a  number  of  experiments,  Borgmann  concludes  that  the 

^  Buchner  (Dingl,  PolyL  Jour,^  ccxxvi.  531 ;  Jour,  Chem,  Soc,  xxxiv.  345) 
has  published  analyses  of  various  inferior  wine& 
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proportion  of  glycerin  to  alcohol  in  pure  winos  is   never  less  tlian 

7-8 :  100. 

Chemical  Analybib  of  Wish.' 

178.  The  alcohol  in  wine  can  be  detormiued  aa  indicated  in 
par.  173. 

179.  The  KXtrael  or  proportion  oi  sottd  mattermay  be  approxi- 
matoty  aacertained  by  evaporating  the  wine  to  one-fourth,  and  then 
diluting  to  exactly  the  original  volume.  The  density  of  the 
de-alcoholiaod  liquid  is  then  observed  at  15"  C.,*  and  the  numbor 
expressing  it  minus  1000,  divided  by  4'6,  gives  the  gramniea  of 
soUds  per  100  c.c  of  the  wine.  Thus,  if,  after  evaporating  off  the 
alcoho^  a  wine  he  found  to  have  a  density  of  1011  "5  it  will 
contain  2'50  grammes  of  solid  matter  per  100  c.c.  ;  for 

1011-5-1000 


4-6 


2 '50. 


Another  method  of  calculating  the  total  solids,  which  is  preferable 
in  the  case  of  very  sweet  wines,  is  to  divide  the  difference  between 
the  density  and  1000  by  3'86  instead  of  4'6,  and  subtract  tho 
percentage  of  a  b  h  from  the  figure  so  obtained.  This  method  is 
based  on  the  assumption  that  the  organic  solids  of  wine  have  the 
same  aolution-density  aa  extract  of  malt,  and  that  the  mineral 
matters  have  twice  tliat  aolution-density. 

180.  The  direct  determination  of  the  extract  or  pro- 
portion  of  sohd  matters  in  wine  presents  somq  difficulty.  Some 
operators  consider  tho  glycerin  to  be  a  proper  part  of  the  extractive 
matters,  and  hence  employ  processes  which  are  intended  to  avoid 
its  loss  by  volatilisation,  while  others  pursue  an  exactly  opposite 
system.  Thus,  by  adding  to  the  wine  a  shght  excess  of  baryta 
water  the  volatile  acids  are  fixed,  and  the  evaporation  of  glycerin 
completely  prevented.  Nessler  and  Earth  (Zeit.  Anal.  Chem.,  ixi. 
43)  recommend  that  50  c.c.  of  wine  should  be  evaporated  on  awater- 
Ijath  to  the  consistence  of  aynip,  and  the  residue  dried  at  100°  C. 
for  three  hours.  After  that  time  the  weight  is  practically  constant, 
continuous  small  losses  being  due  to  volatilisation  of  glycerin.  If 
1  i)er  cent,  of  glycerin  be  present  in  the  wine,  about  0-14  per  cent. 
is  lost  during  tho  drying,  while  tho  loss  is  smaller  wheu  less 
glycerin  is  present. 

181.  To  estimate  the  ghjrerin  in  wine,  100  ca  of  the  sample 
should  be  ovapomtcil  to  one-third  in  ii  jmroelain  dish,  slaked  lime 

'  A  method  for  the  systeiOBtic  bnalyng  of  nine  is  described  in  tbe  i/bur. 
Sdc.  Ckem.  IndvidTy,  ii  138. 

*  The  speciiic  j^yitj  of  tlis  extract  dtniiniBhca  by  0'24  (nntcr  — 1000)  for 
each  increase  of  1'  C.  iu  tho  temper&ture. 
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added  till  the  liquid  is  slightly  alkaline,  and  the  evaiwration 
completed.  The  residue  is  boiled  with  rectified  spirit,  wliich 
dissolves  the  glycerin  and  leaves  the  succinic  acid  and  sugar  as 
insoluble  Hme  compounds.  The  alcoholic  solution,  when  filtered 
and  evaporated  cautiously,  leaves  the  glycerin  in  a  moderately  pure 
state.  In  wines  adulterated  with  starch-sugar,  and  in  otlier  cases 
if  accurate  residts  are  required,  the  glycerin  olotained  as  above 
shoidd  be  dissolved  in  absolute  alcohol,  and  the  filtered  solution 
treated  with  1 J  measures  of  ether.  Certain  impurities  are  precipi- 
tated by  this  menstruimi,  and  the  filtered  solution  on  evaj)oration 
leaves  the  glycerin  in  a  state  of  tolerable  purity.  Xeubauer  and 
Boigmann  (Zeits,  Anal,  Chem,^  1878,  442  ;  and  Jour,  Chem,  Soc 
xxxvi  404)  find  the  foregoing  method  very  satisfactory.  Pm*e 
Rhenish  and  French  wines  tested  by  it  show  a  proportion  of 
glycerin  ranging  from  0*7  to  1*3  per  cent.,^  and  as  the  ratio  of 
alcohol  to  glycerin  in  genuine  wine  is  tolerably  constant  (par.  177), 
the  method  sometimes  serves  for  the  detection  of  added  alcohol  or 
glycerin,  or  the  recognition  of  the  sample  as  factitious. 

182.  The  isiigar  in  genuine  wine  is  wholly  glucose.  As  dextrose 
is  more  readily  fermentable  than  Isevulose,  the  residual  unfernKjnted 
sugar  of  genuine  wine  is  usually  Isevo-rotatory^  I^erf ectly  fermented 
wine  is  optically  neutral  or  very  feebly  dextro-rotatory.  On  thi» 
other  hand,  wines  prepared  with  starch-sugar  contain  considerable 
quantities  of  certain  dextro-rotatory,  non-fermentable  bodies,  which 
differ  from  those  present  in  genuine  wine  by  beuig  soIuIjIc  in 
strong  alcohol.  To  estimate  these  bodies,  Xessler  and  Bartli  eva- 
porate 210  C.C.  of  the  wine  to  one-fifth,  after  adding  a  few  droi)s 
of  a  concentrated  solution  of  potassium  acetate.  Rectified  spiiit  is 
then  added  as  long  as  a  precipitate  is  produced,  when  the  liquid  is 
filtered.  The  filtrate  is  evaporated  to  about  15  c.c,  after  adding 
some  water  and  purified  animal  charcoal,  when  it  is  again  filtered, 
made  up  to  30  c.c,  and  examined  in  a  2-^lecimeter  tube  to  deter- 
mine its  optical  activity.  If  the  solution  show  a  greater  dextro- 
rotation than  corresponds  to  0*6  sugar-units,  the  presence  of  starch- 
sugar  is  certain.  In  presence  of  unfennented  sugar,  an  appropriate 
correction  must  be  made,  after  estimating  the  sugar  by  kno\vii 
means.  This  is  best  done  by  Felding*s  solution,  after  boiling  oft' 
the  alcohol  and  removing  colouring  and  other  foreign  reducing 
matters  by  basic  lead  acetate,  in  the  manner  described  in  the 
section  on  "Sugars."  100  c.c.  of  light  wines  or  25  c.c.  of  sweet 
wines,  treated  appropriately  and  diluted  to  200  c.c,  will  give 
solutions  of  suitable  strength  for  the  copper  test. 

^  The  wines  of  the  more  northern  vineyards  of  Germany  show  a  sensibly 
lower  proportion  of  glycerin. 
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183.  Caiie  Siujar  is  a  legitimate  addition  to  champagne  (})ar. 
176),  but  it  readily  imdergoes  inversion  on  keeping,  and  hence 
will  rarely  be  detected  in  its  unaltered  state.  Its  presence  may 
be  recognised  by  the  dextro-rotation  of  the  wine,  changed  to  laevo- 
rotation  by  inversion,  with  corresponding  increase  in  the  cupric 
oxide  reducing  power  of  the  sample.  C.  Cameron  found  imaltered 
cane  sugar  in  low-class  factitious  wines. 

184.  The  Acirftti/  of  genuine  wine  is  chiefly  due  to  the  acid 
tartrate  of  potassium,  though  succinic  acid  is  also  a  constiint 
constituent,  and  free  acetic  and  other  acids  are  also  present, 
esjHJcially  if  the  wine  has  been  exposed  to  the  air.  The  free 
aciils  of  wine  may  be  conveniently  classed  as  volatile  and 
n  o  n-v  o  1  a  t  i  1  e,  the  former  of  which  consist  chiefly  of  acetic 
aci<l  and  traces  of  its  homologues.  About  one-fourth  of  the  total 
iiciility  of  white  wines  should  be  due  to  volatile  acids,  and  in  red 
wines  the  proportion  should  exceed  one-third  of  the  total  acidity. 

185.  The  acidity  of  wines  may  be  determined  by  titration  with 
decinomial  soda.  100  c.c.  of  the  wine  should  be  employed,  and 
neutrcd  litmus  paper  used  to  indicate  the  end  of  the  reaction.  On 
evaporating  an  equal  measure  of  the  sample  to  diyness,  adding 
water,  and  again  titrating,  the  acidity  due  to  the  fixed  acids  will  be 
jiscertaineil,  and  the  difference  between  this  result  and  the  total 
acidity  will  be  that  due  to  the  volatile  acids.  By  distilling  the 
wine  to  dryness  in  a  vacuum,  adding  water,  redistilling,  and  repeat- 
ing this  operation  twice,  the  whole  of  the  volatile  acids  may  be 
Ci»llected,  and  examined  in  the  manner  described  in  the  section 
on  the  "  Homologues  of  Acetic  Acid."  The  proportion  of  volatile 
acid  in  wine  is  usually  expressed  in  terms  of  acetic  acid,  and  the 
non-volatile  acid  as  tartaric  acid. 

186.  Fre*'  Tartaric  Acvl  in  factitious  wines  may  be  detected, 
according  to  J.  Xessler,  by  shaking  the  liquid  with  powdered  cream 
of  tartar  for  some  time,  filtering,  and  di>'iding  the  filtrate  into  two 
jxirtions.  One  of  these  is  kept  for  comparison,  and  to  the  other  is 
.idded  a  few  droj^s  of  a  concentrateil  solution  of  potassium  acetate. 
On  stirring  the  liquid  and  allowing  it  to  stand,  crystals  of  acid 
tartrate  of  jx>t;\ssium  an^  dejHx^iteil  if  the  liquid  contained  free  tar 
taric  acid.  Care  must  W  t^iken  to  prevent  any  change  in  the 
t<»m|H»r5Uure  of  the  filtereil  liquid.  In  a  sample  of  wine  previously 
eva)H>ratod  to  half  its  volume,  Xessler  detocteil  0*05  i>er  cent,  of 
free  tartaric  acid  by  this  pnx^ess.  In  twenty-five  out  of  thirty 
samples  of  artificial  wine,  fnn*  tj\rtaric  acid  was  detected  without 
n^sorting  to  evain^ration  (Zfi7.<.  AnaL  Chem.y  1879,  230). 

187.  A  simple  metluHl  of  detecting  fnv  tartaric  acid  in  wine  is 
to  noutnUist*  50  c.c,  with  caustic  jn^t^ish,  add  imother  50  c.c  of  the 
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sample,  stir  well,  and  allow  the  liquid  to  stand.     The  precipitate  of 
tartar  formed  represents  the  free  tartaric  acid  of  the  sample, 

188.  Nessler  and  Barth  (Znts,  Anal,  Chem.^  1882,  43)  estimate 
potassium  tartrate  and  free  tartaric  acid  in  wine  by  evaporating  1 00 
CO.  of  the  sample  to  a  thin  syrup,  and,  while  stirring  constantly,  add- 
ing 70  C.C.  of  strong  alcohoL  After  standing  four  hours  the  precipi- 
tated tartar  is  filtered  off,  and  may  be  washed,  purified,  and  esti- 
mated by  weight  or  by  titration  with  standard  alkali  (see  article  on 
Tartaric  Acid).  To  the  filtrate,  about  2  c.c.  of  a  20  per  cent,  solution 
of  calcium  acetate  is  added.  In  the  absence  of  free  tartaric  acid 
the  liquid  remains  clear.  With  0*01  per  cent,  there  is  a  plain 
reaction,  and  with  0*05  per  cent,  a  distinct  crystalline  crust  of 
calcium  tartrate  is  proiluced  within  two  hours. 

Pure  wine  may  contain  traces  of  tartaric  acid,  but  never  more 
than  0*05  per  cent.  Plastering  increases  the  free  acid,  and 
factitious  wines  may  contain  all  the  tartaric  acid  in  the  free  state. 

189.  For  the  determination  of  the  total  tartaric  and  other  non- 
volatile organic  acids  in  wine,  Schmitt  and  Hiepe  (Zfifs,  Anal. 
Cliem.,  xxi.  534)  employ  the  following  process  : — 200  c.c.  of  the 
wine  is  concentrated  to  one-half,  and  basic  acetate  of  load  added 
till  the  reaction  is  alkaline.  The  precipitate  is  filtered  off,  washe<l 
with  cold  water,  suspended  in  200  c.c.  of  wann  water,  and  decom- 
posed by  sulphuretted  hydrogen.  The  liquid  is  filtered  while  still 
warm,  concentrated  to  50  c.c,  exactly  neutralised  by  caustic  potash, 
and  again  concentrated  to  50  c.c.  Excess  of  a  saturated  solution 
of  calcium  acetate  is  then  added,  and,  after  standing  four  or  five 
hours  with  frequent  stirring,  the  precipitate  is  separated,  washed 
with  cold  water  until  the  filtrate  measures  1 00  c.c,  ignited,  and  the 
ash  titrated  with  standard  acid.  Each  1  c.c  of  normal  acid  used 
represents  0*0750  gramme  of  tartaric  acid  in  the  precipitated  calcium 
tartrate,  and  to  the  weight  so  obtained  should  be  added  0*0286 
gramme  for  loss  by  solubility.  Tlie  filtmte  from  the  calcium 
tartrate  precipitate  is  concentrated  to  20-30  c.c,  and  three  times  its 
measure  of  very  strong  alcohol  added.  The  precipitate  is  filtered 
after  some  hours,  dried  at  100°,  and  weiglied.  It  is  then  treated 
with  hot  water  and  sufficient  hydrochloric  acid  to  eftect  solution, 
the  hot  liquid  filtered,  and  potassium  carbonate  added  till  the 
reaction  is  alkaline.  The  calcium  carbonate  is  filtered  off,  the 
filtrate  neutralised  with  acetic  acid,  evaporated  to  a  low  bidk,  and 
treated  boiling  hot  with  chloride  of  barium.  The  precipitate  of 
barium  succinate  and  sul})hate  is  filtered  off  and  treated  on  the 
filter  with,  hydrochloric  acid,  the  residual  barium  muljthate  being 
weighed.  The  filtrate  is  precipitated  with  sulphuric  acid,  and  the 
sticcinte  acid  present  deduced  from  the  weight  of  the  precipitate 
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(233  parts  of  BaSO^=  118  parts  of  C^HgOJ.  The  sulphuric  acid, 
succinic  acid,  and  '0286  allowance  for  solubility  in  the  tartaric  acid 
estimation  are  respectively  calculated  to  their  corresponding  weights 
of  calcium  salts,  and  the  sum  subtracted  from  the  weight  of 
the  mixed  calcium  salts  previously  obtained.  The  difference  is 
the  calcium  malate,  of  which  172  parts  represent  134  of  malic 
acid.  The  authors  of  the  foregoing  process  admit  that  it  is 
tedious,  but  consider  that  its  accuracy  renders  it  very  valuable  in 
important  cases.  Red  wine  must  be  decolorised  by  animal  charcoal 
before  commencing  the  process. 

Further  information  respecting  the  determination  of  succinic, 
malic,  and  other  fixed  acids  in  wine  will  be  found  in  the  respective 
articles  devoted  to  those  substances.  A  process  for  the  estimation 
of  succinic  acid  is  also  given  in  the  footnote  on  page  75. 

Scdicylic  acid  may  be  detected  by  evaporating  off  the  alcohol, 
agitating  the  residual  liquid  with  ether,  separating  the  ethereal 
solution,  evaporating  it  to  dryness,  taking  up  the  residue  with 
water,  and  testing  the  solution  with  ferric  chloride.  A  fine  violet 
coloration  will  be  produced  if  the  wine  contained  salicylic  acid. 

190.  In  wine  which  has  been  "  plastered  "  ^  much  of  the  acid 
potassium  tartrate  is  converted  into  free  tartaric  acid,  the  proportion 
of  potassium  sulphate  being  correspondingly  increased.  In  im- 
plastered  wine,  tlie  sulphates,  calculated  as  K,,SO^  do  not  exceed 
0*58  gramme  per  litre.  By  the  French  law,  the  proportion  of  sul- 
phates, calculated  as  potassium  sulpliate,  is  limited  to  2  grammes  jwr 
litre,  a  regulation  wliich  is  intended  to  })revent  an  excessive  use  of 
plaster.  A  good  approximate  method  of  estimating  the  proportion 
of  gypsum  in  wines  is  that  of  Houdart,  conducted  as  follows : — 
5  c.c.  of  the  wine  is  measured  into  each  of  a  series  of  numbered 
test-tubes,  and  to  each  quantity  is  added  gradually  increasing 
measures  of  standard  barium  chloride  solution,  capable  of  precipi- 
tating the  sidphates  in  5  c.c.  of  wine  containing,  respectively, 
1,  2,  3,  4,  and  5  grammes  of  iK)tassium  sulphate  per  litre.  Each 
test  sample  is  raised  to  the  boiling  point,  and  the  barium  sulphate 
allowed  to  settle.  A  further  addition  of  barium  cliloride  is  then 
made  to  each  test-tube,  when  the  appearance  of  a  turbidity  will 
indicate  the  prt^sence  of  unprecipitated  sulphate.  Supposing  the 
result  to  have  shown  a  proportion  of  jx)tassium  sulphate  greater 
than  2  but  less  than  3  grammes  per  litre,  then  a  fresh  series  of 

^  Gypsum,  or  a  gypseous  earth,  is  added  to  must  to  give  the  wine  a  fiery-red 
appearance.  The  gypsum  performs  a  valuable  function,  as  the  precipitate 
formed  carries  down  the  albuminous  matters  and  suspended  impurities,  and 
gives  the  wine  a  clearness  which  it  never  has  without  the  use  of  gypsum. 
Tartaric  acid  is  sometimes  substituted  for  gypsum. 
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tests  shonld  be  made,  in  which  the  wine  is  treated  with  (juantities 
of  the  barium  solution  capable  of  precipitating  2  J,  2  J,  and  2  J 
grammes  of  KgSO^  per  litre.  In  this  manner,  the  determination 
miay  be  made  to  J  gramme  per  litre, — an  approximation  sufficient 
for  commercial  purposes. 

191.  Sulphates  may  also  be  present  in  wine  through  the  addi- 
tion of  starch-sugar  or  alum,  the  latter  of  which  is  said  to  heighten 
the  colour  of  red  wines.  They  may  also  be  due  to  the  oxidation 
of  sidphurous  acid,  or  even  to  the  direct  addition  of  sulphuric 
acid  (?).  In  white  wines  tlie  sulphates  may  be  estimated  directly 
by  precipitating  100  c.c.  with  barium  chloride,  after  adding  hydro- 
cldoric  acid-  Of  highly  coloured  wines,  100  c.c.  should  be  precipi- 
tated with  a  slight  excess  of  lime  water,  diluted  to  200  c.c,  passed 
tlirough  a  dry  filter,  and  the  sulphates  precipitated  in  100  c.c.  of 
the  filtrate,  after  acidulation  with  hydrochloric  acid. 

192.  Wine  casks  when  musty  are  often  purified  by  burning 
sulphur  in  them,  and  even  bottles  are  similarly  treated  to  produce 
earlier  ripeness  in  the  wine  with  which  they  are  subsequently 
filled.  The  practice  often  causes  the  wine  to  contain  sulphurous 
acifl,  which  not  xmfrequently  becomes  oxidised  to  sulphuric  acid. 
Sulphurotis  acid' can  be  detected  in  wine  by  distilling  off  the  first 
tenth  from  200  c.c.  of  the  sample,  diluting  the  distillate  with  an 
equal  measure  of  water,  and  adding  barium  chloride  and  bromine 
water.  A  turbidity  due  to  barium  sulphate  indicates  the  presence 
of  sulphurous  acid  in  the  wine,  but  the  absence  of  sulphuretted 
hydrogen  should  first  be  proved  by  testing  a  portion  of  the  dis- 
tillate with  lead  acetate. 

193.  The  astringent  matters  of  wine  may  l)e  determined  as 
described  under  "  Tannins."  Nessler  and  Barth  have  proposed  the 
following  approximate  method : — ^To  1  2  c.c.  of  wine  add  30  c.c. 
of  alcohol,  and  filter  from  the  precipitated  pectinous  and  albumin- 
ous matters.  35  c.c.  of  the  filtrate,  corresponding  to  10  c.c.  of  the 
original  wine,  is  evaporated  to  6  or  7  c.c,  and  transferred  to  a  some- 
what conical  graduated  tube.  Sodium  acetate  and  ferric  chloride 
are  then  added,  and  the  resultant  precipitate  measured,  after  standing 
24  hours.    1  c.c.  corresponds  to  0*033  per  cent,  of  tannin  in  the  wine. 

194.  The  compound  ethers  of  wine  communicate  the  "bouquet." 
The  volatile  ethers  are  chiefly  ethyl  acetate  and  2>^.'/a/v/o72a^e,  and 
the  non-volatile  ethyl  tartrate.  The  total  amount  of  others  is 
extremely  small,  being  0*3  per  cent,  at  the  maximum.  The  pro- 
portion of  ethers  is  dependent  on  the  balance  of  affinities  l>etween 
the  acids,  alcohol,  and  water  of  the  wine,  and  this  state  of  equi- 
librium always  exists  in  wine  of  a  certain  age.  The  compomid 
ethers  of  wine  may  be  determined  as  in  par.  294. 
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Dktection  of  Forkion  Coloubing  Mattbhs  in  Winb. 

195.  The  Bititiciftl  colouring  of  wine  is  snid  to  be  practised 
with  the  ohjett  of  heightening  the  tint  of  a  red  wine  deficient  in 
colour,  making  red  wine  white,  or  for  colouring  wholly  fsctitiona 
wines.  Hoaaniline,  nlder-berry,  and  logwood  are  among  the  colour- 
ing agents  stated  to  be  ttiost  frequently  employed.  A  great  variety 
of  methmls  liavo  been  deviaed  for  the  deteotion  of  foreign  colour- 
ing maltent,  but  the  majority  are  not  of  mu<'h  practical  value; 

196.  The  following  method  of  opeiating,  due  to  A.  Dupt^ 
(Jaur.  Cbeni.  Si<e.,  xxjcvii.  572),  affords  aufficient  information  for 
most  purposes.  The  best  colourlcsa  commercial  gelatin  (NelAOu's) 
is  dissolved  in  ten  parts  of  bulling  water,  and  the  solution  poured 
into  a  Boup-plate  or  other  flat  vessel.  When  cold  and  thoroughly 
set  a  cube  about  three-fourths  of  an  inch  in  the  side  is  cut  from  the 
jelly  by  means  of  a  sharp  knife  and  placed  in  the  sample  of  wine 
tobeteatod.  Afterstandingtwenty-fourhoura,  the cnbe ia removed, 
washed  a  little  with  cold  water,  and  a  central  slice  cut  out  of  it  in 
a  direction  parallel  to  one  of  the  aides.  On  examining  tliis  section, 
it  will  Iw  found,  in  the  case  of  a  pure  wine,  that  the  colouring 
matter  has  [leuetrated  hut  a  very  little  way  into  tlie  jelly  (perhapa 
^  of  an  ineh),  when-as  the  great  majority  of  foreign  colouring 
mattere  will  have  ]>enetrated  to  the  very  centre  of  the  cube. 

Of  a  large  number  of  colouring  matters  only  that  of  olhanH^iot 
reBemblc'B  the  "  te  n  o  1  i  n  "  of  pure  wine  in  the  slow  rate  at  which 
it  diftiised  into  tlie  jelly.  Hence,  if  coloration  of  the  interior  of 
the  jelly  be  not  obeervcd,  alkanet  is  the  only  foreign  colouring  agont 
likely  to  he  preaont,  It  may  be  distinguiahed  by  its  absorption- 
spectrum,  which,  at  a  certain  concentration  of  the  acidulated 
solution,  sIiowB  three  distinct  absorption-bands  between  the  sodium 
line  and  the  blue  strontium  line,  and  nearly  equidistant  from  those 
lines  and  from  each  other.  Ammonia  changes  the  colouring 
matter  of  alkanet  to  a  beautiful  blue,  and  reduces  tlie  abeorptiuD' 
bands  to  two,  one  coincident  w^ith  the  D  tine  and  the  other  lew 
refrangible  than  thati  Both  ncitl  and  alkaline  solutions  produce  a 
general  absoi'^ition  of  the  blue  end  of  the  spectrum,  and  in 
moderately  concentrated  solutions  only  the  red  is  transmitted, 

197.  Thi!  colouring  matter  of  pure  red  wine  produces  . 
absorption  in  all  parts  of  tlie  spectnim  except  llie  red,  hut  generally 
no  distinct  absorption-band.  Tlie  red  colour  is  changed  to  gieeniali 
brown  on  midition  of  ammonia,  and  the  liquid  then  shows  an 
indistinct  alworption-hnnd  in  the  orange-ydllow  region. 

If  the  coloration  of  the  cube  of  jeUy  points  to  the  presence  of 
a  foreign  colouring  matter,  the  nature  of  this  may  frequently  be 
ascertained,  if  desired.     As  n  rule,  the  slice  of  jelly  shows  the 
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colour  proper  to  the  added  substance  much  men;  clearly  than  did 
the  wine  itself,  and  a  difference  between  the  two  colours  is  a  strong; 
indication  of  the  presence  of  a  foreign  matter.  Indujo  and  lofjwoofi 
may  thus  be  readily  discovered.  The  absorption-spectrum  of  tlie 
light  transmitted  by  the  slice  will  serve  for  the  detection  of  rosani- 
line,  cochineal,  beet-root,  i-ed-cabbage,  litmus,  &c.,  and  further  infor- 
mation may  be  gained  by  placing  the  slice  in  dilute  ammonia.  Thus 
treated,  a  slice  coloured  with  rosaniline  becomes  colourless ;  with 
red  cabbage,  dark  green;  with  cwhineaJ,  puq)le;  and  with  loywood, 
brown.  This  last  reaction  is,  however,  frequently  produced  in  the 
absence  of  logwood.  When  present,  the  slice  will  be  coloured  bro'wn 
or  yellow  to  a  considerable  depth  before  it  is  tn^ated  with  ammonia. 

Operating  in  the  above  manner,  Dupre  found  that  an  addition  of 
foreign  colouring  matter  equal  to  1 0  per  cent,  of  the  total  intensity 
of  the  colour  of  the  wine  could  usually  be  readily  detected,  and  in 
no  case  could  20  per  cent,  be  overlooked.  In  the  case  of  logAvood 
5  per  cent  coidd  be  recognised,  and  as  little  as  1  per  cent,  of 
rosaniline  could  be  found.  In  making  the  tests  it  is  desirable  to 
compare  the  sample  with  a  pure  wine  of  the  same  kind. 

If  the  foregoing  process  does  not  suffice  for  the  positive  recog- 
nition of  the  colouring  matter,  a  larger  <|uantity  of  the  wine  should 
be  submitted  to  dialysis  in  a  parchment-paper  dialyser.  The 
diffusate  may  then  be  examined,  either  directly  or  after  careful 
concentration,  by  the  spectroscope  or  chemically,  the  interfering 
colouring  matter  of  the  wine  having  been  elimmated. 

A  systematic  scheme  has  been  devised  by  A.  Gautier  {Jour, 
Chem.  Soc.j  xxx.  330,  428 ;  and  xxxii.  935)  for  the  recognition 
of  the  foreign  colouring  matters  in  wine.  It  may  be  advantage- 
ously applied  to  the  dilfusate  obtained  as  above. 

198.  Logwood  may  be  detected  by  agitating  20  c.c.  of  the  wine 
with  2  grammes  of  finely  powdered  manganese  dioxide,  and  treat- 
ing the  filtered  liquid  with  zinc  and  hydrochloric  acid,  which  destroys 
the  brown  coloration  of  the  oxidised  logwood.  The  colourless  and 
neutralised  liquid,  if  logwood  be  present,  gives  a  blue-violet 
coloration  with  alkalies  and  their  carbonates,  a  red-violet  with 
lime  water,  and  a  violet  with  ammonium  molybd^ite  in  a  solution 
slightly  acid  with  nitric  acid.  The  colouring  matter  of  Brazil  wood 
is  the  only  one  which  can  be  confounded  with  that  of  logwood. 

199.  Rosaniline  salts  (fuchsine  and  magenta)  may  ])e  detected 
by  rendering  50  c.c.  of  the  wine  slightly  alkaHne  with  ammonia, 
and  boiling  the  liquid  with  a  little  white  wool  till  all  the  alcohol 
and  ammonia  are  expelled.  The  wool  is  then  removed,  waslied, 
and  at  once  heated  with  a  few  drops  of  solution  of  soda  till  dis- 
solved.     After  cooling,  about  5  c.c.  of  water  and  the  same  measure 
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of  alcohol  are  added,  and  the  liquid  is  shaken  up  with  10  cc  of 
ether.  On  separating  tlie  ethereal  layer  and  adding  to  it  a  drop  of 
acetic  acid,  a  red  or  pink  colour  will  be  developed  if  a  mere  trace 
of  rosaniline  be  present.  For  the  detection  of  somewhat  larger 
<iuantitie8,  it  is  sufficient  to  render  the  wine  alkaline  with  ammonia, 
agitate  with  ether,  and  shake  the  separated  ethereal  solution  with 
dilute  acetic  acid,  when  a  rose  coloration  will  be  produced. 

Xessler  and  Barth  render  this  method  roughly  quantitative  by 
agitating  100  cc.  of  the  wine  with  30  cc.  of  ether  and  5  cc  of  strong 
ammonia.  20  cc  of  the  ethereal  layer  are  removed  with  a  pipette 
and  evaporated  in  a  capsule  containing  a  thread  of  white  wool  5  centi- 
metres in  length.  Similar  threads  are  dyed  with  known  quantities 
of  magenta,  and  from  a  comparison  of  tints  the  amount  of  the 
added  colouring  matter  in  the  wine  is  inferred.  Very  minute  quanti- 
ties of  rosaniline  may  thus  be  determined.  The  standard  threads 
may  be  preserved  unchanged  in  sealed  tubes  kept  in  the  dark. 

200.  Aiiotlier  method  of  detecting  rosaniline  is  to  precipitate  the 
wine  with  basic  acetate  of  lead,  filter,  and  agitate  the  clear  liquid 
with  aniylic  alcohol,  which  extracts  the  rosaniline  together  with 
any  archil  or  persio.  The  two  latter  colouring  matters  are  used  for 
imitating  the  colour  of  sparkling  white  wines.  On  adding  hydro- 
chloric acid  to  the  separated  amylic  alcohol,  any  pink  colour  due 
to  rosaniline  is  changed  to  yellow  and  destroyed  by  excess  of  the 
acid  The  colours  due  to  archil  and  persio  are  unaffected  by  acid, 
but  changed  to  violet  by  anmionia,  while  the  pink  of  rosaniline  is 
decolorised  by  the  latter  reagent 

201.  The  detection  of  foreign  colouring  matters  in  wine  is  not  of 
sufficient  practical  interest,  in  England  at  least,  to  require  further 
description  in  this  work.  A  very  complete  accoxmt  of  Gautier's  and 
otlier  methods  of  examination  will  be  found  in  A.  Wynter  Blytli's 
valuable  work  on  F(>(k1h:  timr  Camposiiicm  and  Analysis. 

202.  Artificial  Wines  are  manufactured  extensively,  and  sold 
eitlier  alone  or  in  admixture  with  a  certain  proportion  of  genuine  wine. 
A  careful  analysis  and  comparison  of  the  results  with  those  yielded 
by  genuine  wine  of  the  same  supposed  character  will  often,  though 
not  always,  suffice  for  the  detection  of  the  factitious  article.^ 

^  As  examples  of  the  niiturc  of  the  probable  ingredients  of  spurious  wine, 
the  following  recipes  are  instructive  : — 

Port  Winfi. — 30  gallons  of  cider,  6  of  spirit,  4  of  plain  syrup,  J  lb.  gum  kino, 
J  lb.  tartaric  acid,  and  6  to  8  ounces  of  "  port  wine  flavour.'*  To  produce  a 
better  quality  add  a  few  gidlons  of  German  cherry  juice,  or  any  kind  of  pure 
wine,  Spanish  being  the  best 

Bordeaux  or  Claret. — To  a  decoction  of  1  lb.  of  orris  root  in  5  gallons  of  water, 
add  1  gallon  of  raspberry  juice,  2  gallons  of  pure  spirit,  i  lb.  "essence  of  claret,*' 
1  gallon  of  sugar  syrup,  and  the  colouring  pnnluced  from  cochineaL 
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203.  Cider  and  Perry. 

Cider  and  perry  are  alcoholic  liquids  obtained  by  the  fermenta- 
tion of  apple  and  pear  juice  respectively. 

The  following  analyses  by  R.  Kayser  (Dim/L  Pohjt,  Jour,,  ccxlviii. 
347)  show  the  composition  of  the  filtered  must  from  Bors<lorf 
apples,  and  of  the  cider  produced  by  its  fonuentation. 


Total  solid  matter, 

yielding  ash, 


S9 


f  ) 


iVlcohol, 

Malic  acid. 

Acetic  acid, 
,  Sugar, 
:   Pectins, 

Glycerin, 

Potash, 
I  Lime,. 

Magnesia, 
.   Phosphoric  acid  (PaOs), 

Sulphuric  acid  (SO,),  . 


Gnunmes  i»er  100  c.c. 


Mast. 


Cider. 


16-25 

2-36 

0  35 

•  •  > 

4-6  (- 

0-330 

0-300 

... 

0  080 

12-500 

0-750 

0-620 

traces. 

•  •  • 

0-680 

0106 

0-105 

0  025 

0  0-24 

0-018 

0-018 

0-024 

0-022 

0-009 

0-008 

0-31 


5-8  c.c.) 


The  following  are  results  by  other  observei-s  :- 


Alcohol  (by  volume),  . 
Total  solid  matter, 

„  containing,  sugar,  . 
mineral  matter. 


t> 


Average  of  20  samples 

of  Brittany  Cider 

(Rousseau). 


2-05  per  cont. 
1-93 

•25 

-15 


»» 


Composition  of  good 

ordinary  Cider,  one 

year  old.  (liabot). 


5  to  6  per  cent. 
3 


>> 


0-28  „ 


From  these  analyses,  it  appears  that  the  solid  mutter  of  cider 
<litfers  from  that  of  wine  in  the  presence  nf  malic  acid,  in  tlie 
a1)sence  of  tartaric  acid,  and  by  the  larger  proportion  of  lime  wliich 
it  contains.  By  a  judicious  addition  of  tartaric  acid,  (^r  of  wine 
containing  much  acid,  a  product  might  be  obtjiiiied  which  would 
he  difficult  to  distinguish  from  real  wine. 

204.  Perry  is  richer  in  alcohol  than  cider,  as  might  have 
been  ex|)ected  from  the  greater  proportion  of  sugar  in  pears.  Tlie 
proportion  of  sugar  conttiined  in  samples  of  cider  made  from  six 
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varieties  of  apple  has  Ix^en  determined  by  M.  Truelle.  From  tlie 
fact  tliat  a  portion  of  the  sugar  exerts  no  reducing  action  on 
Fehling*s  solution,  cider  appears  to  contain  traces  of  cane  sugar,  or 
possibly  some  peculiar  variety  of  sugar. 

205.  Cider  is  liable  to  several  diseases,  including  a  formation  of 
acetic  acid  through  secondary  fermentation.  Another  curious 
affection  is  the  "  killing  "  or  blackening,  due  to  the  conversion  of 
the  malates  into  carbonates  under  the  influence  of  a  ferment. 
Cider  so  aflected  becomes  of  a  Wolet-black  colour,  a  symptom  which 
may  be  remedied  by  addition  of  tartaric  acid. 

206.  Cider  is  liable  to  be  sophisticated  by  addition  of  watery 
coUmnnrj-matters,  Sec.  ;  by  the  use  of  lime,  chalk,  soda,  &c.,  as 
ajiti-arids ;  and  by  the  addition  of  alum,  litharge,  white-lead,  or 
sugar  of  lead  as  clarifying  agents.  Zinc  and  copper  have  also  been 
met  with. 

Heavy  metals  may  be  sought  for  as  described  in  par.  39. 

The  presence  oifree  mineral  adds  in  cider  may  be  detected  as 
described  in  the  section  on  vinegar. 

Alcohol  is  often  added  to  weak  cider  to  prevent  acetous 
fermentation. 

Factitious  Cider  is  sometimes  prepared  by  fermenting  starch- 
sugar,  and  adding  >'inegar,  cinnamon,  and  flavouring  ethers. 

207.  Msdt  Liquors;   Beer;  Ale. 

Beer  is  jwpularly  supposed  to  be  a  fermented  liquor  brewed 
from  malt,  and  ha^-ing  a  bitter  flavour  communicated  by  hoi>s. 
This  description  must  be  extendeil  considerably  to  embrace  modem 
beer  and  its  allies,  which  are  defined  by  Blyth  as  "  fermented 
saccharine  infusions  to  which  a  wholesome  bitter  has  been  added." ^ 

Under  the  present  law  of  England,  the  malt  of  typical  beer  may 
be  replaced  by  any  saccharine  or  amylaceous  substance,  and  as  the 
duty  is  levied  on  the  quantity  of  soluble  carbohydrates  made  into 
lx*er,  as  estimated  by  the  specific  gravity  of  the  infusion,  the 
exact  natun*  of  the  fermentable  matter  employed  is  a  matter  of 
indiflerence  to  the  Excise.  Similarly,  since  the  removal  of  the 
duty,  the  employment  of  hoj>s  is  not  insisted  on  by  the  Excise,  and 
any  wholesome  or  (ywaW-wholesome  bitter  {e.g.y  quassia,  gentian, 
&c.),  can  Ih^  employed.  The  sul^titution  is  not  an  infringement 
of  the  Sale  of  Fooil  and  Drugs  Act,  which  could,  however,  be 
enfon.'ed  in  the  cjise  of  a  distinctly  uuwholesi^me  bitter  being  used* 

208.  Chemically^  Wor  iuiil  i^ther  malt  liquors  are  very  complex 
liijuids,  of  which  the  main  innistituent^  may  be  conveniently 
amingiHl  in  the  following  thnv  classics  : — 

*  Under  the  lkk\*anaii  law,  Wr  is  a  fonnented  liquid  prepared  only  of  barley- 
malt,  hojis,  yeast,  and  water. 
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o.  The  vclcUile  constituents;  including  alcohol,  water,  acetic  acid, 
carbonic  acid,  <fec. 

h.  The  fixed  organic  matters,  forming  the;  organic  constituents  of 
the  "extract";  including  sugars,  dextrin  and  dextrinoid  bodies, 
albuminoids,  glycerin,  lactic  and  succmic  acids,  organic  extractive 
matters  from  hops  and  other  bitters,  &c. 

c.  The  mineral  constituents  or  ash;  consisting  chiefly  of  the 
phosphates  of  potassium,  calcium,  magnesium,  t^c. 

209.  Beer  differs  from  wine  in  its  smaller  content  of  a  1  c  o  h  o  1, 
and  the  greater  proportion  of  dextrin  and  other  extractive 
matters  present ;  also  in  the  absence  of  tartaric  acid,  which 
is  characteristic  of  wine,  as  m  a  1  i  c  a  c  i  d  is  of  cider  and  lactic 
acid  of  beer.  The  acidity  of  beer  is  frequently  ascribed  to  acetic 
acid,  but,  except  in  sour  ales,  it  is  chiefly  due  to  lactic  acid. 
A  ferment  producing  lactic  acid  is  present  to  a  greater  or  less 
extent  in  most  yeast,  and  a  certain  pro^wrtion  of  succinic  acid 
is  a  constant  product  of  the  vinous  fennt^nttition  of  sugar.  ^ 

210.  The  composition  of  malt  liquors  varies  widely  according  to 
the  natiure  and  proportion  of  the  materials  used,  and  the  manner  in 
which  the  fermentatfon  has  l)een  conducted.  Broadly  speaking,  two 
distinct  methods  of  brewing  are  pursued,  namely,  the  German  and 
the  English.  Gennan  beers  are  fermented  at  a  low  temperature, 
under  which  condition  the  yeast  remauis  at  the  bottom  of  tlu? 
liquid,  and  the  process  is  said  to  be  one  of  "  bottom-fermentation.*" 
The  yeast  is  a  different  variety  from  that  of  English  breweries. 
Beer  brewed  on  this  system  contains  less  alcohol,  and  more  dextrin, 
sugar,  and  albuminoids  than  English  beer,  and  iuaice  is  liable  U» 
undeigo  secondary  fermentation  iiidess  kept  at  a  ver}^  low  tempera- 
ture, or  else  sterilised  and  preserved  in  bottles.  The  Gennan  beer 
also  contains  less  hops  and  more  airbonic  acid  than  English  l)eer. 
In  the  English  system  of  brewing,  the  operation  is  one  of  "  surface- 
fermentation,"  and,  as  a  rule,  the  product  is  richer  in  alcohol  and 
contains  less  extractive  matter  than  German  beer.  The  different 
varieties  of  English  beers  may  be  classified  as  follows  (C.  Graham, 
Proc.  Soc.  Cliem,  Ind.): — 

Bitter  ales  have  a  high  attenuation,  high  percentage  of  alcohol, 
and  much  hop-extract ;  mild  oIp^,  less  attenuation,  less  alcohol,  and 
less  extract ;  porter,  attenuation  much  the  same  as  mild  ales,  but 
less  hope ;  stout,  still  less  attenuation,  and  less  alcohol,  and,  like 
porter,  but  little  hop  is  used,  the  caramelised  products  of  the  bunit 
malt  serving  for  its  preservation. 

*  The  relatioiiship  existing  between  glucose,  lactic  acid,  and  acetic  acid  is 
well  shown  by  a  comparison  of  their  formulae,  one  molecule  of  glucose,  CgHijOtf, 
hATiDg  the  composition  of  tvH)  molecules  of  lactic  acid,  CjHgOj,  or  three  of  acetic 
acid,  C^Ufi^ 
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211.  The  foregoing  analyses  of  typical  malt  liquors  are  seloc^tcd 
from  among  those  published  by  C.  Graham  {Proc,  Soc,  Ghem,  Ind.), 
The  figures  are  grammes  per  100  c.c.  of  the  sample. 

212.  These  analyses  show,  in  a  striking  manner,  the  influence 
of  the  mode  of  brewing  on  the  character  of  the  beer  produced. 
Not  only  does  the  proportion  of  alcohol  vary  in  beers  brewed  from 
worts  of  approximately  the  same  densities,  but,  owing  to  the 
ilifferent  systems  of  mashing  and  fermenting,  the  German  beers  are 
much  richer  in  dextrin  than  the  English.  Thus,  in  the  "  Mild  X  " 
the  proportion  of  maltose  to  dextrin  is  1  :  1  ;  wliile  in  the  average 
of  Bavarian  beers  (of  nearly  the  same  original  gravity)  it  is 
1  :  3*75.  The  dextrin  in  beer  causes  the  sense  of  fulness  in  the 
palate,  the  albuminoids  and  carbonic  acid  tending  to  increase  this 
effect. 

213.  The  following  table  illustrates  in  a  general  manner  the 
composition  of  various  typical  varieties  of  malt  liquor.  The 
analyses  might  be  multiplied  indefinitely,  without  adding  materially 
to  the  information  conveyed  by  the  table. 


Description. 

1 

1 
Specific  ■ 
Gravity. 

1 

Alcohol. 

Solid 
Matter 

or 
Extract. 

Ash. 

1 

Free 
!  Acid  H9 
C.H4O2. 

1 

Authority.         ■ 

1 

Pllsen  Lager, 

1013  0  i 

3-55 

6-15 

0-20 

•  •• 

Kohlraiwcli. 

UanoTerian  (avenifire  of 

1 

20  Munplea), 

1017-0  , 

401 

6-34 

0-24 

... 

Scttlweir. 

American  Lager  (aver- 

1 

age  of  19  samples),     . 

1016-2 

2-78 

6  05 

0-30 

1    0-12 

Engelhnrdt.               | 

Hancheater  pnblic  house 

1 

1 

Beer    (average    of    8 

1 

samples),    . 

1007-2 

4-58 

3-64 

oon 

016 

Kstcourt. 

Self  ord  public  house  Beer 

1 

' 

• 

(average  of  61  samples), 

1011-3 

6-00 

,    4 -8ft 

0-30 

0-24 

Carter  Bell. 

Bass*  Pale  Ale,       . 

1   1013-8 

6-25 

6-08 

•  •  • 

0-14 

Laurence  and  Reillv. 

Allsopp's  Pale  Ale, 

1   1014-4 

6-87 

1     4-44 

!         ••• 

0-24 

1 

Galnncss'  xz  Stout, 

•  •  • 

6-66 

7-24 

•  •• 

0-20 

1                                  " 

Guinness*  z  Stout, 

1124-4 

605 

;     6-48 

1        ••• 

1    0--23 

:            >* 

Barclay      A      Perkin  *8 

1 

1 

Porter, 

i 

6-40 

6-00 

1 

•  •• 

,  Kiiyser. 

Chemical  Analysis  of  Malt  Liquors. 

214.  The  determination  of  the  alcohol  in  beer  may  be  effected 
as  described  in  par.  173. 

215.  The  proportion  of  extract  or  non-volatile  matter  in  beer  may 
l>e  deduced,  with  a  considerable  approach  to  accuracy,  from  the 
density  of  the  de-alcoholised  liquid,  obtained  by  evaporating  the 
sample  to  one-third,  and  diluting  it  again  to  exactly  its  original 
bulk.  The  specific  gravity  of  the  "extract"  is  then  carefully 
oljserved,  and  the  excess  above  1000  divided  by  3*86,  when  the 
diWdend  is  the  number  of  grammes  of  dry  extract  contained  in 
100  c.c.  of  the  beer.     C.  Graham  considers  the  estimation  of  the 
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solid  matter  of  Iwer  from  the  density  to  be  untnistworthy,  and 
always  determines  the  extract  by  evaporating  the  liquid  so  as  to 
form  a  thin  film,  which  is  dried  for  many  hours  till  the  weight 
is  constant  (compare  paragraph  180).  The  determinations  of 
extract  in  the  beers,  the  composition  of  which  is  given  in  the  table 
on  page  92,  were  made  in  this  manner. 

216.  The  oith  of  ])eer  is  determined  by  igniting  the  extract, 
yni\i  due  precautions  (par.  95  ti  seq.).  The  proportion  of  ash 
should  bear  a  due  relation  to  the  original  gravity  of  the  wort, 
an  excess  indicating  the  addition  of  some  mineral  substance. 
Calcium  sulphate  may  be  present,  owing  to  the  beer  being 
partially  brewed  from  starch-sugar,  or  from  the  oxidation  of 
calcium  sulphite,  now  largely  employed  as  a  preservative. 
Excess  of  calcium  or  niiignesiimi,  without  a  corresponding  excess 
of  sulphates,  may  be  due  to  the  use  of  an  earthy  carbonate  as  an 
anti-acid.  The  proportion  of  phosjihoric  acid  in  l>eer  is  occasionally 
of  interest,  and  is  det^nuined  most  accurately  in  the  ash  of  the 
Ijeer  (see  par.  101),  but,  in  the  c;ise  of  lightKX)loured  beers,  very 
fair  comparative  results  may  be  obtained  by  a  direct  titration  of 
the  litjuid  with  a  standard  solution  of  uranium.  Common  salt 
is  addeil  to  beer  less  fre*|uently  than  formerly,  and  is  rarely  em- 
plt»yed  in  excessive  quantity.^  A  rough  idea  of  the  amount  may 
be  obtained  by  estimating  the  chloniles  (with  the  precautions 
mentioned  in  j>ars.  95  and  101),  but  for  the  accurate  determina- 
tion of  the  salt  the  actual  isolation  of  the  sodium  chloride  in  a 
pure  state  is  essential  This  involves  the  evaporation  of  the 
l)reviously  neutralised  Wer,  cautious  ignition  of  the  residue,  isola- 
tion of  the  mixeil  chlorides  of  the  alkiUi  metals  by  the  processes 
of  minenU  auiUysis,  precipitation  of  the  )>otiissium  as  chloroplatinate, 
and  recoverv  of  the  soilium  chloriile  from  the  filtrate. 

217.  The  ifiufar  ;uitl  *hjiHn  of  l>eer  may  be  determined  as 
desoribeil  under  '*  M  a  1 1." 

218.  The  total  nitrogen  of  Kvr  may  l)e  determined  by 
igniting  the  dry  extract  with  scxla-lime.  The  projx^rtion  obtained  is 
usually  multiplieil  by  6*33  and  the  prinluct  stateil  iis  the  cUbuminouh 
of  the  l»eer,  but  this  metlunl  is  misleading,  as  there  are  other  nitro- 
genous matters  pn»si^nt  Uv^^ides  albuminoids.  On  this  account, 
C.  Graham  pn»fers,  for  practical  puqHVi^^s^  to  estimate  the  ^^albumi- 

^  It  is  sometimt\$  stateil  that  the  addition  of  salt  to  be«r,  in  a  proportion  not 
exceeding  50  gndns  |^r  gallon*  is  dinx'tly  |H«rmitted  by  the  law.  This  is  an 
error,  the  origin  of  which  ^-as  that  the  Ikvirvl  of  Inlaiid  Revenue  instmcted 
their  officers  that,  iu  cas«,^s  iu  which  the  chlorides  in  beer  did  not  exceed  the 
equivalent  of  &i>  grains  of  conuuon  salt  (n^r  gallon*  it  was  unnecessary  to 
inquire  into  the  origin  of  the  chlori\K>s, 
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^fioid  ammonia"  in  1  c.c.  of  the  beer,  hy  diluting  it  lai-^ely  witli 
water,  and  distilling  it  first  with  sodium  car])onate  and  tlien  with 
alkaline  permanganate,  as  in  Wanklyn's  metliod  of  wat(»r  analysis. 
The  albuminoid  ammonia  found  is  multiplied  by  the  factor  5*2, 
the  product  being  the  equivalent  of  albuminous  matters  or  protoids 
in  the  measure  of  beer  taken.  Graham  states  that  a  beer  brewed 
fn)m  malt  and  intended  for  exportation  or  storage  should  not 
show  more  albuminoids  when  "  Wanklynised  "  than  0*01  per  cent, 
for  each  Bates'  degree  of  original  gravity.  Thus,  a  l)cer  having  an 
original  gravity  of  20  lbs.  per  barrel  (=1055*5  specific  gravity) 
should  not  show  more  than  0*20  per  cent,  of  proteids,  by  the 
permanganate  process. 

219.  The  free  acids  of  beer  are  partly  fixed  and  partly 
volatile.  The  former  consist  of  lactic  and  miccinic  acids, 
which  may  be  detennined  jointly  in  terms  of  lactic  acid  by 
dissolving  the  dry  extract  of  the  beer  in  water  and  titrating  the 
solution  with  standard  alkali  and  litmus  pajx^r.  1  c.c.  of  deci- 
normal  soda  solution  represents  0*009  gramme  of  lactic  acid.  The 
volatile  acid  of  beer  is  chiefly  acetic  acid,  which  is  usually  deter- 
mined by  subtracting  the  measure  of  alkali  required  to  neutralise 
the  extract  from  that  recjuired  by  the  original  becir  (after  thorough 
agitation  to  get  rid  of  as  much  carbonic  acid  as  possible).  The 
difference  is  calculated  to  acetic  acid,  0*006  gramme  of  which 
corresponds  to  1  c.c.  of  decinormal  alkali 

The  real  succinic  acid  and  the  tjhjcerin  may  be  d(;termined  as 
described  in  the  footnote  on  page  75.  Calcium  lactate  may  be 
separated  from  the  impure  succinate  by  boiling  with  spirit  of 
80  per  cent.,  which  dissolves  the  lactate  only. 

220.  Salicylic  acid  is  now  frequently  added  to  beer  as  a 
preservative.  It  may  be  searched  for  by  concentrating  the  beer 
to  one-half  at  a  gentle  heat,  and  shaking  the  cold  liquid  with 
ether.  The  ethereal  layer  is  separated,  evapomted  to  dryn(?ss,  and 
the  residue  dissolved  in  warm  water.  On  adding  ferric  chloride, 
a  violet  coloration  will  be  produced  if  salicylic  acid  be  present. 

221.  Occasionally  it  is  of  interest  to  determine  the  carbtmic  acid 
of  l)eer.  This  may  be  effected  by  adding  a  little  tannin  to  100  c.c. 
of  the  sample,  and  boiling  the  liquid  in  a  capacious  flask  attached  by 
a  bent  tube  to  absorption-bulbs  containing  baryta-water.  Wlicn  the 
gas  is  wholly  driven  oflf  from  the  beer,  the  baryta- water  is  filteivd 
(avoiding  contact  with  the  air),  and  the  car)x>nic  acid  deducetl 
frr^m  the  weight  or  neutralising  power  of  the  ])rccipitated  barium 
carbonate. 

222.  Glycerin  and  hop-resin  may  be  determined,  acconling  to 
Griessmayer  {Deut.  Cheni,  Ges,  Ber.,  xi.  292),  by  slowly  cvaix)rat- 
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ing  300  C.C.  of  the  luior  to  a  volume  of  100  c.c,  and  shaking 
the  concentrated  liquid  with  200  c.c.  of  petroleum  ether.  When 
separation  has  taken  place,  the  upper  layer  is  removed,  and  the 
lower  layer  again  shaken  with  petroleum  ether.  The  petroleum 
extract  is  evaporatc<l  on  tv  water-bath,  and  the  residual  hop-resin 
dried  over  sulphuric  acid  and  weighed.  The  aqueous  liquid 
separated  from  the  petroleum  ether  is  rendered  alkaline  with 
baryta,  and  then  shaken  with  twice  its  measure  of  a  mixture  of 
two  volumes  of  alcohol  with  three  of  ether.  The  upi)er  layer  is 
separated,  and  the  denser  liquid  again  agitated  with  ether-alcohol. 
The  ether-alcohol  extract  is  heated  on  a  water-bath  till  the  ether  is 
driven  off  and  the  residual  alcoholic  liquid  evaporated  in  successive 
small  portions  in  a  porcelain  dish  till  it  acquires  a  syrupy 
consistence,  when  it  is  further  dried  for  two  days  over  sulphuric 
acid  and  th(J  residual  glycerin  w(»ighed. 
Detection  of  Bitter  Substances  in  Beer. 

223.  Very  elaborate  processes  has  been  devised  by  Dragendorft*, 
Wittstein,  and  others,  for  detecting  the  presence  of  substances 
wliich  might  possibly  be  used  for  imparting  a  bitter  taste  to  beer, 
but  these  methods  have  little  practical  interest  in  the  present  stak> 
of  the  English  law,  and  hence  it  will  be  sufficient  to  describe  the 
method  of  searching  for  the  more  commonly  used  "  hop-surrogates,'' 
and  certain  objectiona])le  substances  the  occasional  employment  of 
which  is  suspected. 

224.  For  the  detection  of  noxious  bitters,  A.  Dupro  recommends 
tlie  following  i>rocess : — Evaporate  1  quart  of  the  beer  to  a  thin 
syrup,  and  add  very  gmdually  1  pint  of  pure  rectified  spirit, 
stuTing  all  the  time.  Allow  the  syrup  to  stand  for  fifteen  mhiutt's, 
pour  off  the  spirit  from  the  heavy  residue,  and  distil  it  to  a  small 
bulk.  Treat  the  residue  in  the  retort  with  water  and  sufficient 
soda  solution  to  render  it  alkaline,  and  agitate  it  several  times  with 
ether.  Separate  the  ethereal  stratum,  which  contains  the  bitter 
principle  of  the  hop,  any  alkaloids  which  may  be  present,  resinous 
matter,  and  fat.  The  alkaline  liquid  is  next  acidulated  with 
acetic  acid,  and  again  agitated  with  ether.  The  ethereal  layer  is 
separated,  evaporated,  and  the  residue  taken  up  with  water  and 
added  to  a  pint  of  water  in  which  some  minnows  or  other  small 
fish  are  placed.  If  they  fall  over  on  their  sides,  or  die  outright, 
some  noxious  material  has  been  added  to  the  beer.  This  poisonous 
action  on  fish  is  often  described  as  specially  characteristic  of 
picrotoxin,  the  active  principle  of  Gocculfia  indictis  or  Indian  berry. 

225.  The  systematic  method  of  examining  beer  for  bitter 
substances  detailed  in  the  following  table,  is  based  chiefly  on  the 
recommendations  of  Enders  : — 


DETKCTIOS  OF  BITTERS   IX   BEEK. 
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Of  the  bitter  iiriuciplea  the  detection  of  whii-h  is  deacribed  in 
the  foregoing  table,  picrotoxiu  is  the  most  objectiouable. 

236.  For  the  detuction  of  picric  aciil  a  variety  of  metlioda  havi; 
been  proposeii,  but  the  best,  in  the  opinion  of  the  author,  in  tia 
follows  ; — Evaporate  100  c.c.  of  the  beer  to  alwut  one-third,  acidu- 
bite  with  sulphuric  ttcid,  and  agitate  with  ether  or  petroleum  ether. 
The  ethereal  layer  is  separated,  evaporated  at  a  gentle  heat,  and 
the  residue  dissolved  in  hot  water.  The  solution  is  heated  with  a 
fragment  of  white  wool,  which  in  present*  of  the  siiiallest  trace  of 
picric  acid  will  aequire  a  yellow  colour.  Aiiiyliu  alcohol  lias  been 
propositi  as  a  substitute  for  ether,  hut  is  not  so  satisfaetory.  The 
reaction  may  be  confirmed  by  treating  the  wool  with  very  dilute 
ammonia,  filtering,  and  evaporating  the  filtrate  on  the  water-bath 
to  very  small  built.  On  adding  a  few  drops  of  cyanide  of  potas- 
sium solution,  and  heating,  a  distinct  red  colour  will  be  jiroduced 
in  presence  of  picric  acid. 

227.  Bbtbbmination  op  the  Original  GRAVirr  or  Ukeh  Worts. 

As  the  duty  on  beer  (as  was  formerly  that  on  malt)  is  calcu- 
lated from  the  strength  of  the  wort  oa  imbcated  by  its  specific 
gravity,  it  becomes  nocessaiy  Ui  allow  a  rebate  or  drawback  when 
the  beer  is  exported.  If  the  wort  could  always  be  examined  in 
an  unferment^l  state,  it  would  merely  be  noceasary  to  ascertain 
its  density  and  gauge  its  measure  to  obtain  the  data  for  calculating 
the  allowance  to  be  made.  But,  by  the  process  of  fermentation, 
the  specific  gravity  of  the  wort  is  diminished  to  an  extent  depend- 
ent on  the  amoimt  of  alcohol  formed-  The  weight  of  alcohol 
produced  being  approximately  50  per  cent,  of  the  saccharine  matter 
destroyed  by  the  fermentation,  it  is  evident  that  a  determination 
of  the  alcohii!  in  the  fermented  liquid  would  give  the  means  of 
ascertaining  the  <piantity  of  sugar  destroyed,  and  hence  of  making 
the  necessary  coiTection  for  the  reduction  in  the  density  of  the 
wort  (techjucolly  cjjled  its  "  attenuation  ")  caused  by  the  fermen- 
tation. 

The  practical  detoils  of  the  methods  of  determining  the  original 
gravities  of  beer  worts  have  lieen  very  carefully  investigated  by 
Messrs  Graham,  Hofmann,  and  Bedwood,^  and  their  results  show 
t^t  the  desired  information  can  bo  obtained  with  great  accuracy 
in  the  following  maniiet :— 

328.  a.  Dietillafion  Method. — A  known  measure  of  the  beer  (4 
fluid  onnccB,  or  100  cc.)  is  distilled,  without  addition  of  soda  or 
tannin,  in  an  apparatus  furnished  with  a  good  condensing  arrange- 
ment, as  described  in  par.  163  />.  When  about  half  the  liquid  has 
passed  over,  the  distillate  is  diluted  with  water  till  it  occupies, 

*  Bcport  on  Origiiuil  OravUics,  1852. 
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at  60°  F.,  the  exact  original  bulk  of  beer  taken,  when  its  specific 
gravity  is  carefully  observed.  The  difference  between  1000  and 
the  gravity  of  the  distillate  is  called  the  "  spirit  indication  "  of  the 
beer.  Reference  is  next  made  to  the  following  table,  from  which 
is  ascertained  the  number  of  "degrees  of  gravity  lost"  by  the 
attenuation  of  the  wort. 

The  figures  in  the  table  are  identical  witli  those  in  Schedule  I. 
of  the  Inland  Revenue  Act,  1880,  and  were  deduced  from  actual 
experiments  on  malt  worts  fermented  under  normal  conditions,  in 
the  manner  detailed  in  Graham,  Hofmann,  and  Redwood's  Report. 


Di^reesof 
Spirit  Indication. 


0 
1 
2 
3 
4 
5 
6 
7 
8 
9 

10 
11 
12 
13 
14 
15 


•0 

•1 

•2 

•  •  • 

•3 

•6 

3  0 

3-3 

3-7 

6-6 

7  0 

7-4 

10-7 

11-1 

11-5 

15-1 

15-5 

160 

19-6 

19-9 

20-4 

24  1 

24-6 

25  0 

28-8 

29-2 

29-7 

33*7 

34-3 

34-8 

39-1 

39-7 

40-2 

44-2 

44-7 

45  1 

49  0 

49-6 

50-1 

54-3 

54-9 

65-4 

59-4 

60  0 

60-5 

64-8 

65*4 

65-9 

70-5 

71-1 

71-7 

•4 


•5 


•6 


•9 
4  1 
7-8 
12-0 
16-4 
20-9 
25-5 
30-2 
35-4 
40-7 
45-6 
50-6 
55-9 
61  1 
66-5 
72-3 


1-2 

1-5 

1-8 

2-1 

4-4 

4-8 
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9  0 

9-4 

12-4 

12-9 

13-3 

13-8 

16-8 

17-3 

17-7 

18-2 

21-3 

21-8 

22-2 

22-7 

26  0 

26-4 

26-9 

27-4 

30-7 

31-2 

31-7 

32-2 

35-9 

36-5 

37-0 

37-5 

41-2 

41-7 

42-2 

42-7 

46-0 

46-5 

47  0 

47 '5 

51-2 

51-7 

52-2 

52-7 

56-4 

56-9 

57-4 

57-9 

61-6 

62-2 

62-7 

63-3 

67-1 

67-6 

68-2 

68-7 

72-9 

73-5 

74-1 

1 

74-4 

•8 

•9 
2-7 

2-4 

5-9 

6-2 

9-8 

10-2 

14-2 

14-7 

18-6 

191 

23  1 

23-6 

27-8 

28-3 

32-7 

33-2 

38-0 

38-6 

43-2 

43-7 

48-0 

48-5 

53-3 

53  S 

58-4 

58-9 

63-8 

64  -3  1 

69-3  I 

69-9  1 

75-3 

75-9 

229.  These  conditions  included  the  formation  of  one  part  of 
acetic  acid  (CjH^Og)  ^  in  1000  measures  of  the  beer,  and  hence  no 
correction  is  necessary  in  the  case  of  beers  containing  about  this 
pioportion,  but  the  free  acid  in  old  and  hard  beer  is  often  \iivy 
sensibly  in  excess  of  the  above  named  amount,  and  in  such  cascjs 
its  percentage  must  be  determined  by  titrating  the  beer  with 
standard   alkali.'     Any  excess  of   acetic  acid  thus  found,  above 

*  As  already  stated  the  normal  acidity  of  beer  is  really  due  more  to  lactic 
and  saocinic  acids  than  to  acetic  acid. 

'  This  may  be  effected  as  described  in  par.  185  ;  or  the  standard  solution 
of  caustic  soda  may  be  replaced  by  standard  ammonia.  This  is  made  by 
dilating  ordinary  solution  of  ammonia  with  distilled  water  till  it  has  a  density 
of  '99B6  at  60"  F.  100  cc  of  snch  a  solution  will  exactly  neuti-aliso  1  gramme 
of  acetic  acid  (C2H4O2)  ot  1*050  grammes  of  crystallised  oxalic  acid,  and  hence 
100  fluid  grains  are  equivalent  to  1  grain.  If  100  cc.  of  beer  be  employed  for 
the  titration  each  1  cc.  of  ammonia  employed  represents  0*01  per  cent  of  free 
acid. 
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the  0*1  per  cent,  normally  present,  must  be  calculated  into  alcohol 
and  duly  allowed  for.  This  is  most  readily  done  by  the  following 
equation,  in  which  a  represents  the  percentage  of  acetic  acid  (or 
more  strictly  speaking,  the  grammes  of  free  acid  reckoned  as  acetic 
per  100  ex.  of  the  beer) : — 

1  'Sa  —'14  =  spirit-indication. 

The  value  l'3a  gives  the  spirit  indication  corresponding  to  the 
whole  free  acid  present,  and  hence  from  that  has  to  be  subtracted 
'14,  the  spirit  indication  of  the  natural  *1  per  cent,  of  free  acid. 
Thus,  if  a  beer  be  foimd  to  contain  '48  of  free  acid  calculated  as 
acetic,  then  the  correction  of  the  spirit  indication  will  be — 

l-3C48)--14  =  -484. 

Hence  the  figure  '484  (or  practically  '48)  will  require  to  be 
added  to  the  "  spirit  indication "  ascertained  from  the  gravity 
of  the  distillate  of  the  beer.  JExcept  in  the  case  of  decidedly 
sour  beers,  such  as  would  be  very  unlikely  to  be  exported,  the 
correction  for  excess  of  acetic  acid  is  generally  so  trifling  that  it 
may  be  neglected.^ 

It  remains  to  dilute  the  "  extract,"  or  liquid  left  in  the  retort, 
with  water,  till  it  measures  exactly  the  original  bulk  of  the  beer 
taken,  when  its  specific  gravity  is  to  be  carefully  taken.  This  is 
called  the  "extract  gravit y." 

230.  The  original  gravity  of  the  wort  is  then  ascertained  by 
adding  the  degrees  of  "  gravity  lost  '*  to  the  density  of  the  extract. 
The  mode  of  calculation  will  be  seen  from  the  following 
example  : — 

*  The  directiona  in  the  Inland  Revenue  Act  of  1880  for  ascertaining  the 
original  gravity  of  worts  in  which  fermentation  has  commenced  are  as  follows. 
It  will  be  observed  that  the  question  of  acidity  is  wholly  ignored,  as  the 
process  is  intended  to  be  employed  for  the  examination  of  recently  fermented 
worts : — 

**  1.  A  sample  is  to  be  taken  from  any  part  of  such  worts,  and  a  definite 
quantity  thereof  by  measure  at  the  temperature  of  60°  Fahrenheit  sliall  bo 
distilled. 

'*  2.  The  distillate  and  residue  shall  each  be  made  up  with  distilled  water  to 
the  original  measure  of  the  quantity  before  distillation,  and  the  gravity  of 
eacli  shall  be  ascertained. 

"3.  The  number  of  degrees  by  which  the  gravity  of  the  distillate  is  less 
than  the  gravity  of  distilled  water  shall  be  deemed  the  spirit  indication  of  the 
distillate. 

**  4.  The  degrees  of  original  gravity  standing  opposite  to  such  spirit  indica- 
tion in  the  table  in  the  first  schedule  to  this  Act  added  to  the  specific  gravity 
of  the  residue  shall  be  deemed  the  original  gravity  of  the  worts.** 
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Specific  gravity  of  f ro/er  at  6 OT.,  .         .     10000 

Specific  gravity  of  distillate  at  60°  F.,    .         .       989  0 


Difference  =  " spirit  indications^  .         .  1 1  "0 

Allowance  for  alcohol  correspopding  to  '20 

per  cent,  excess  of  acid,       .  .         .  '26 


Corrected  spirit  indication,    ,         .         .         .  11 '26 

Equal,  by  table,  to  "  gravity  lost"  .         .  .  50*4 

To  which  add  specific  gravity  of  ea^ror^,  .      1041*3 


Original  gravity  of  wort,        .         .         .         .1091*7 

231.  The  table  already  given  (page  99)  is  the  oidy  oiio 
legalised  for  the  determination  of  original  gravities,  and  is 
used  by  the  Excise,  without  correction,  whether  the  wort  be  derived 
wholly  or  partly  from  starch-  or  cane-sugar,  or  simply  from  malt. 
This  practice  gives  the  brewer  the  advantage  of  any  error.  But, 
for  private  purposes,  it  is  well  to  bear  in  mind  that  while  the  tiiblo 
is  accurate  when  applied  to  beers  brewed  wholly  or  partly  from 
starch-sugar  instead  of  malt,  it  is  deficient  in  accuracy  when  uso<l 
for  beer  brewed  from  cane  sugar,  unless  a  deduction  of  *35*^  bo 
made  from  the  spirit  indication  before  referring  to  the  table. 
With  this  correction,  necessitated  by  the  increase  in  density  imder- 
gone  by  cane  sugar  solutions  on  inversion,  the  tivble  already  given 
furnishes  accurate  residts. 

232.  b.  Evaporation  Method. — In  employing  this  jirocess,  the 
specific  gravity  of  the  original  beer  is  first  carefully  ascertained, 
taking  care  to  agitate  the  liquid  well  to  eliminate  as  much  carbonic 
acid  as  possible.  The  "extract  gravity"  is  next  detenuined. 
For  this  purpose  there  is  no  occasion  to  boil  the  samj^le  in  a 
closed  vessel,  as  it  is  not  required  to  collect  the  volatilised  spirit. 
It  is  simply  necessary  to  evaporate  sufficiently  to  ensure  the 
entire  expulsion  of  the  alcohol,  and  then  allow  the  liquid  to  cool, 
and  make  it  up  exactly  to  the  original  bulk  of  the  beer  taken. 
The  density  is  then  observed,  and  the  corresponding  "spirit 
indication"  ascertained  by  subtracting  the  density  of  the 
original  beer  from  that  of  the  "  extract."  The  necessary  allowance, 
if  any,  for  excess  of  acid  above  0*1  per  cent,  must  next  bo  made 
as  in  the  distillation  method,  and  from  the  corrected  spirit 
indication  the  corresponding  number  of  degrees  of  gravity 
lost  is  ascertained  by  reference  to  the  table  already  given.  Tho 
result  thus  obtained  is  not  in  strict  accordance  with  that  by  the 
distillation  method,  and  requires  to  be  corrected  by  an  addition  of 


102  ORIGINAL  GRAVITY  OF  WORTS. 

4^^  to  the  "  degrees  of  gravity  lost "  as  ascertained  by  the  table. 

Thus,   if  the  corrected  spirit  indication  be  9*4,  corresponding  to 

41*2  degrees  of  gravity  lost,  the  last  figure  requires  a  correction 

41-2 
of       -=1*03,  which,  added  to   41*2,  raises  it  to  the  corrected 

number,    42*03  degrees.     The  following  example  illustrates   the 
whole  mode  of  calculation  : — 


Specific  gravity  of  ^^extract" 
Specific  gi-avity  of  original  beer. 

Difference  =  "  sjnrit  ifidicationy'' 
Allowance  for  excess  of  acidity, 
Corrected  spirit  indicatiojij    . 
Corresponding  "  gravity  lost "  (by  table), 
Correction  of  ^  of  above  niunber. 

Corrected  gravity  lost,  .        • . 
Specific  gravity  of  extract, 


1044*7 
1035*2 

9*5 
01 
9-6 
42*2 
1*055 

43-25 
1044*7 


Original  gravity  oi  wort,       .  .         .  .      1087*95 

233.  The  results  by  the  evaporation  process  are  not  generally  so 
reliable  or  so  constant  on  repetition  as  those  by  the  distillation 
method,  but  they  are  obtained  with  great  facility,  the  only 
additional  operation  necessary  being  the  determination  of  the 
density  of  the  original  beer,  and  hence  the  calculation  should 
never  be  omitted,  as  it  furnishes  a  valuable  check  on  the  distilla- 
tion process.  If  the  wort  is  a  solution  of  cane  sugar,  a  deduction 
of  '35  should  be  made  from  the  spirit  indication  as  described  in 
par  231. 

Other  methods  of  determining  the  original  density  of  beer 
worts  have  been  devised  by  Balling  and  others,  but  practically 
the  processes  already  described  are  amply  sufiicient  for  the  purpose. 

234.  Spirits. 

Under  the  term  of  spirits  are  comprehended  the  various  liquids 
obtained  from  alcoliol-containiug  liquors  by  distillation.  Wheat, 
oats,  rye,  barley,  Indian  com,  rice,  and  other  grains,  whether 
in  the  raw  or  the  malted  state,  as  well  as  the  juices  of  fruits, 
sugar-cane,  beet-root,  potatoes,  carrots,  and  even  some  of  the 
grasses,  may  be  made  to  yield  alcohol  by  fermentation.  When 
the  resulting  alcoholic  liquid  is  distilled,  a  "spirit"  is  obtained, 
which  is  known  under  various  names,  according  to  circumstances. 
Thus,  British  spirit  (whether  brandy,  gin,  whisky,  or  rum)  is  pro- 


sriiuTs. 
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ilureil  from  grain  ;  "  cognat,"  or  Freiiirh  bmntly,  from  wino  ;  West 
Indian  mm,  from  sngar  or  molasses.  The  difl'erent  cliarattera 
nf  tliese  various  liquiiiH  depend  partly  on  the  percentage  of 
alcohol  contained  in  them,  partly  on  the  mcxlB  of  miinufaRturK 
purane<I,  partly  on  the  berries,  seeds,  horba,  Sic,  with  which  they 
are  flavoured,  and,  lastly,  on  the  substances  from  which  the 
Bjiirita  am  derived.^  The  object  of  the  distillation  is,  of  course, 
in  every  case  to  separate  the  alcohol  from  the  uou-volatile  mutters, 
such  ae  husk,  fibre,  inorganic  salts,  undecomposed  yeaat,  lactic  and 
succinic  acids,  glycerin,  Ac.  The  volatile  products  are,  bi?sides 
water,  chiefly  ethylic  alcohol,  fusel  oil,  acetic  acid,  and  traces  of 
ethers.  The  presence  of  fusel  oil  is  very  objectionable  (see  par.  260), 
and  one  of  the  chief  objects  of  the  ilistiller  should  Iw  so  to  manage 
the  process  as  to  effect  its  separation  from  the  spirit  as  completely 
08  possibla.  This  can  be  partially  lione  by  careful  distillation 
alono ;  but  aoap,  milk,  charcoal,  ami.  other  "  physics "  are  also  of 
more  or  less  service. 

The  first  operation,  or  "  distillation,"  produces  a  crude  alcohol, 
which  is  redistilled  or  "rectified."  The  prosecution  of  this 
process  constitutes  a  distinct  business  from  that  of  the  distiller 
propLT. 

235.  Arrack  is  a  name  which  is  properly  applied  to  a  spirit 
distilled  from  toddy,  the  juice  of  the  cocoa-nut  tree.  Batavian 
and  Jitmaica  arrack  are,  however,  manufactured  from  molasses  and 
rice,  with  a  little  toddy,  and  hence  are  really  varieties  of  runi. 
Anack  usually  contains  somewhat  more  thtui  50  per  cent  of 
alcohol,  and  mere  traces  of  extractive  matter. 

236.  Brandy,  strictly  speaking,  is  a  spirit  obtained  by  the  di»- 
~lation  of  wine.     The  "  marc "  of  grapes  and  other  refuse  pro- 

BCtS  obtained  in  the  manufacture  of  wine  are  frequently  employed 
t  the  production  of  an  inferior  quality  of  brandy.*  Such  a  pro- 
i  contsins  much  more  fusel  oil  thaji  is  present  in  the  superior 
priaty.  The  peculiar  flavour  and  aroma  of  "cognac,"  or  French 
tody,  are  due  to  the  presence  of  ethyl  pelargonate  ("  cenanthic 
r"),  and  other  secondary  products  of  fermentation.  When 
hly  distilled,  brandy  is  perfectly  colouriess,  but  it  readily  takes 

*  The  spirit  produced  by  the  fcnaeDtation  of  molaaats  uontaitiH  n  notablu 
qouitity  oE  Aldehyde,  while  that  Trom  ryo  contains  loss  of  tbb  body  but  more 
•uiyl  nlcoboL  Henltb;,  well-cultirated  jeast  produces  k  pure  iLlcobol,  bat  if 
ackly  and  imperfectly  developed  tlie  proportion  of  amyl  nlcoUol,Jcc..  is  largely 
hiCRued.  A  rough  method  of  testing  raw  xpirit  censiBla  iti  treating  the 
MBple  with  an  equal  measure  of  strong  sulpharic  acid,  nod  lieating  tlie  miitura 
for  Bri«en  minutes  in  boiling  water.  Tho  more  impure  the  spirit  the  deeper 
the  yellow  or  brown  colour  wliich  is  produced. 
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up  colouring  matter  from  the  storiug  casks,  and  caramel  and  similar 
coloiuing  /agents  are  frequently  added  to  it.  It  often  contains 
traces  of  tannin  and  free  acid.  Artificial  or  British 
brandy  is  manufactured  by  flavouring  grain  spirit  Among  the 
flavouring  agents  employed  for  the  purpose  are  acetate,  nitrite  and 
pelargonate  of  ethyl ;  oils  of  cassia,  cloves,  and  bitter-ahnonds  : 
tiiKitures  of  allsi)ice,  galls,  wipsicum,  oak-bark,  &c. ;  burnt  sugar^ 
and  other  colouring  materials.  Another  very  perfect  imitation 
cognac  is  prepared  by  distilling  proof  spirit  with  argol,  bruised 
prunes,  and  a  little  real  cognac.  The  distillate  is  then  coloured 
with  caramel  and  flavoured  with  tannin. 

237.  Gin  is  a  colourless  neutral  spirit,  originally  obtained  from 
grain.  The  grain  spirit  is  treated  with  oil  of  jimiper,  turpentine, 
or  other  flavouring  agents,  and  again  distilled.  Gin  is  usually 
very  free  from  fusel  oil,  free  acid,  tannin,  &c.  Sugar  is  a  normal 
constituent  of  sweetened  gin.  Salts  of  zinc  and  lead  have 
occasionally  been  met  with  in  gin,  and  alkaline  solutions,  such  as 
carbonate  of  potassiimi,  are  sometimes  added.  Among  the  sul> 
stances  used  for  flavouring  gin  are  juniper  berries,  oil  of  juniper, 
turpentine,  almond-cake,  coriander  seeds,  cardamom  seeds,  grains 
of  paradise,  capsicums,  calamus,  orris  and  angelica  roots,  &c 
Gin  is  frequently  lai^ely  diluted  with  water. 

Hollands  and  Schnapps  are  varieties  of  gui. 

238.  KiRSCHWASSER,  or  KiRSCH,  is  a  spirit  obtained  by  the  distilla- 
tion of  the  fermented  juice  of  the  wild  cherry.  It  is  prepared  chiefly 
in  the  Black  Forest,  Switzerland,  and  certain  departments  of  France. 

Kirschwasser  usually  has  an  alcoholic  strength  of  about  10**  U.P» 
It  contains,  as  a  normal  constituent,  a  small  proportion  of 
p  r  u  s  s  i  c  acid.  In  gooil  kirsch  this  usually  amounts  to  not 
more  than  0*15  gramme  per  litre^  but  inferior  specimens  often 
contain  three'  or  four  times  this  amount.  Barth  found  hydro- 
cyanic acid  in  all  of  29  samples  of  kirschwasser  from  cherries,  and 
in  two  samples  made  from  plums,  other  samples  being  free  from  it. 
Kirschwasser  also  frequently  contains  distinct  traces  of  co})per  ;  and 
so  constantly  is  this  metal  present,  that  it  has  l)een  regarded  as 
indicating  the  genuine  nature  of  the  spirit.  It  is  e^ddent  that 
this  presumption  is  very  fallacious,  as  the  presence  of  copper 
entirely  dejx'nds  on  the  use  of  an  apparatus  of  that  metal  for 
distillation,  and  coidd  readily  be  added  to  a  spurious  article. 
If  present,  the  cop^xir  may  be  detecteil  luul  estimated  by  evaponxt- 
ing  the  spirit  to  drynesj*,  igniting  the  residue,  dissolving  in  dilute 
nitric  acid,  and  estimating  the  copi>er  colorimetricaUy.  Barth 
foimd  proportions  varying  from  nil  to  0*015  gramme  of  cuimc 
acetate  per  litre. 
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Kirschwasser  is  often  mixed  with  alcohol  from  otlior  sources, 
or  is  made  entirely  from  grain  spirit,  flavoured  with  iwach 
blossoms  or  cherrj'-laurel  leaves.  The  excessive  proportion  of 
hydrocyanic  acid  in  such  preparations  indicates  their  origin.  Tlie 
addition  of  cherry-laurel  water  is  indicated  hy  the  same  means. 
According  to  Boudet,  such  kirschwasser  contains  "220  grammes  of 
HCy  per  litre.  A  preparation  is  sometimes  sold  as  kirschwasser, 
consisting  of  dilute  alcohol,  somewhat  sweetened  and  flavoured 
with  oil  of  bitter  almonds,  and  occasionally  nitro-benzene  has  been 
substituted  for  the  last  ingredient.  These  additions  may  be 
detected  by  distilling  off  the  alcohol  at  a  low  temi)erature,  shaking 
the  residual  liquid  with  ether,  and  examining  the  ethereal  solution 
for  benzoic  aldehyde  and  nitro-benzene. 

The  absence  or  presence  of  calcium  compoimds  and  other  mineral 
matters  have  been  sometimes  regarded  as  proofs  of  the  geniuiuj 
or  factitious  character  of  kirschwiisser,  but  such  impurities  occur  in 
undoubtedly  genuine  samples. 

239.  Rum. — This  spirit  was  formerly  wholly  obtained  by  dis- 
tillation of  the  alcoholic  liquid  obtained  by  fermentuig  the  juice 
of  the  sugar-cane.  It  is  now  made  largely  from  molasses  and 
other  residual  products  of  the  manufacture  of  sugar  from  the 
sugar-cane,  beet-root,  <fec.  The  characteristic  flavour  of  rum  is  due 
to  the  presence  of  ethyl  butyrate  and  fonnate.  Factitious  nuns 
are  manufactured  by  flavoiuing  grain  spirit  with  butyric  and 
acetic  ethers,  or  even  by  adding  butyric  acid,  wliich  gnulually 
forms  ethyl  butyrate  by  reacting  with  tlie  alcohol  present.  Sliced 
pine-apples  and  essence  of  violets  have  been  employed,  and  tannin 
matters  are  also  added.  Rum  is  coloured  by  burnt  sugar,  or  by 
long  keeping  in  casks.  Beckurts  states  that  the  extractive 
matter  of  rum  consists  chiefly  of  saccharine  matter,  and  has  no 
potatory  action  on  polarised  light. 

The  presence  of  formates  might  perhaps  serve  to  distinguish 
genuine  rum  from  a  factitious  product.  To  detect  it,  the  rum 
should  be  evaporated  nearly  to  dryness  with  a  slight  excess  of 
soda,  and  the  residue  treated  with  phosphoric  acid,  and  distilled. 
The  distillate  from  genuine  rum  will  strongly  nnluce  silver  nitrate, 
and  give  the  other  reactions  of  formic  acid. 

Bay  Rum  is  prepared  by  distilling  the  fresh  leaves  and  berries 
of  the  bay  berry  tree  (Myrcia  acris)  with  rum.  The  product  has 
density  of  '921  to  '938.  The  fragrance  and  healing  properties  of 
bay  rum  are  probably  due  to  the  presence  of  e  u  g  e  n  o  1.  Some 
of  the  preparations  known  as  "  bay  rhum "  ani  prepared  from 
tincture  of  bay  leaves  and  rose  water,  with  additions  of  bay  oil, 
borax,  &c. 
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240.  Whisky  is  a  variety  of  spirit  distilled  horn,  fermentod 
gr.iin  or  jxitatoes.  In  some  cases  the'  barley,  or  other  grain,  is  first 
malted,  but  in  others  it  is  used  raw.  When  unmalted  grain  is 
used  the  first  ojK?ration  produces  a  crude  alcohol  which  is  redistilled; 
but,  wlien  malted  grain  has  been  fermented,  small  stills  called 
jx»t-heads  are  employed ;  the  proiluct  has  a  flavour  distinct  from 
that  produced  from  raw  com  in  large  stills,  and  is  simply  kept  for 
a  time  and  not  redistilled.  In  the  majority  of  cases  a  judicious 
a<lmixture  of  raw  and  malted  grain  is  employed-  Other  things 
bein;^:  ei^ual,  the  spirit  from  malted  grain  is  the  most  valuable,  and 
contains  least  fusel  oiL  ^^^lisky  improves  greatly  on  keeping, 
owing  to  the  conversion  of  the  fusel  oil  into  other  bodies. 

Wliisky  usually  conUiins  a  trace  of  volatile  acid,  the  proportion 
of  which  rarely  or  never  reaches  0*1  per  cent,  (in  terms  of  acetic 
acid).  "WTien  new  it  is  colourless,  or  nearly  so ;  but  by  storing  in 
sht*rr}'  casks — a  favourite  motle  of  imparting  flavour  to  whisky — ^it 
ac-  (uin^s  colour,  and  tlien  contains  sensible  traces  of  tannin,  sugar, 
iV:«-.  The  residue  left  on  eva|x>rating  whisky  to  diyness  on  the 
water-liath  should  not  exceed  100  grains  per  gallon,  and  is  usually 
much  less.  The  smokv  flavour  of  Irish  whiskv  is  due  to  the  fact 
that  the  uialt  used  has  been  drieil  upon  kilns  in  which  peat  is  used 
fvT  fuel,  but  is  often  imitiiteil  by  adding  one  or  two  drops  of 
cn'iist^te  to  the  gallon  of  spirits.  Logwooil,  catechu,  tea  infusion, 
bunit  sugar,  ^c,  are  sometimes  added  as  colouring  agents.  Wood 
naphtha  ha.s  ]»iH»n  oceasiomdly  used  as  an  adidterant  of  whisky.  It 
is  ven-  doubt  fid  whether  fusel  oil  is  ever  purposely  added  to 
whisky,  but  it  is  almost  invariably  present  in  greater  or  less 
tjuantity,  and  is  the  cause  of  the  objectional  symptoms  produced 
by  new  spirit  (st^  par.  260).  ^Vlkidine  solutions  (^.;/.,  carbonate 
t>f  soiliimi),  si\lts  of  zinc,  loiul  iUid  ct>pjier,  cayenne  pepj)er, 
auil  «>ther  objiH'ti«>nable  matters,  have  been  occasionally  atldeil 
to  whiskv. 

241.  Chemical  Examixatk^x  of  Spirfi^ 

The  chemio;d  amdysis  of  spirits  is  si»metimes  veiy  diflicidt,  and 
in  the  pn's^^ut  state  of  our  kuowleilg\»  the  recognition  of  the 
flavi.vuriiig  ;igv'utii  is  often  imiH\ssibU\  The  following  are  the  chief 
^M.>ints  to  which  attention  should  bo  diTvvtt\l . — 

242.  .4/'-t'/tt'/jV  Sti-^'Hfjth  '/ Spint<. — The  determination  of  the 
pn»jK>rtiv»u  oi  akvhol  in  spirit  may  W  otRvttxl  with  ease  and  accuracy 
by  the  meth^^nls  dotaili\l  in  jvnr.  153  rt  .^ry.  F^r  the  "&ale  of  Food 
Anieudmout  Act"  of  1S71\  the  miuimum  limit  of  strength  for  gin 
w;u>  tixtnl  at  ;^%*>  under  pr\\»f  ^  =  65  |vr  ivut,  <>f  proof  spirit),  and 
that  of  bnuidy,  runu  autl  whisky  .U  25  under  prov^f  (  =  75  j>ercent. 
of  priH^f  spirit).     Thos^»  Uuiits  wen*  tiw^l  on  the  nvommendation 
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of  Dr  James  Bell  of  the  Inland  Kevenue  LaLorutory,  and  certiiinly 
do  not  err  on  the  side  of  too  great  stringency.^  The  gin  sent  out  to 
retailers  by  the  trade  is  chiefly  of  two  strtMigths,  17°  and  22°  U.P., 
but  Messrs  Gilbey  and  a  few  other  Anns  also  sui)j)ly  a  still  weak(jr 
gin  at  a  correspondingly  low  price.  In  calculating  the  proportion 
of  water  added  to  gin,  by  a  retailer,  it  is  well  to  assume  that  thtj 
spirit  sold  to  him  had  a  strength  of  20°  U.P.  The  method  of  cal- 
culation is  described  in  par.  159. 

All  spirits  consist  of  more  or  less  diluted  alcohol,  containmg 
small  proportions  of  flavouring  agents.  When  spirits  are  stored  in 
casks  they  lose  strength  with  a  rapidity  depending  on  their  per- 
centage of  alcohol,  the  moile  of  storage,  &c.  In  an  atmosphere 
.saturated  with  aqueous  vapour,  the  alcohol  alone  evaporates  very 
rapidly,  but  in  a  dry  atmosjihere  water  also  will  volatilise,  and 
hence  the  spirit  will  not  lose  so  greatly  in  strength.  By  keeping, 
the  fusel  oil  becomes  more  or  less  changed  and  converted  into 
<5ertain  ethers,  the  presence  of  which  materially  enhances  the  value  of 
the  spirit.  Hence  the  alcoholic  strength  of  sj^irits  is  not  the  only 
factor  to  be  considered  in  judging  of  their  money  value  or 
wholesomeness,  although  the  other  considerations  are  far  less 
tangible. 

The  detection  of  wood  spirit  and  ficsel  oil  may  be  effected  as 
<lescribed  in  i)ar8.  133  and  271.         * 

243.  The  non-volatile  residue  is  sometimes  of  importance*.  Wlien 
freshly  distilled,  spirits  contain  no  trace  of  non-volatile  matt<»r. 
WTien  kept  in  casks  they  tak(j  up  more  or  less  fixed  mattcjr,  but  the 
amount  rarely  exceeds  1 00  gmins  per  gallon.  It  consists  of  tannin, 
colouring  matter,  sulphates,  traces  of  sugar,  t^c.  The  proportion  of 
iion-volatile  matter  in  spirits  is  ascertained  by  evaporating  50  or 
1 00  c.c.  to  dryness  on  a  water-bath.  Some  indication  of  its  nature 
may  he  obtained  by  tasting  the  residue.  On  ignition  in  the  air, 
any  zinc,  lead,  or  copj)er  present  in  the  spirit  will  be  left  as  an  oxide. 
Ver}'  sensible  traces  of  these  metals  may  b(j  present  accidentjUly, 
and  tlierc  is  good  evidence  that  their  salts  were  formerly  occasionally 
used  as  adulterants.  Occasionally,  clarifying  materials  have  been 
employed  of  which  lead  acetate  formed  a  constituent.  jVlum  wiis 
sihA)  used  occasionally.  The  reaction  of  the  ignited  residue  should 
be  ob8er\'ed,  as,  if  alkaline,  an  idkaline  carbonate,  acetate,  tartrate, 
A'c,  must  have  been  present. 

244.  Sulphates  will  be  detected  on  adding  barium  chloride  to 

^  A  report  by  Dr  Engelhardt  on  the  quality  and  strength  of  the  spirits  sold 
in  the  State  of  New  York,  shows  that  the  strength  of  brandy  varied  from  46** 
to  12**  U.P.  ;  the  whisky  from  50'  U.P.  to  5**  O.P.  ;  and  the  rum  from  54° 
U.P.  tor  0.  P. 
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tlu'  diluUnl  s|)irit.  Free  sulphurii;  acid  lias  been  met  witli  in 
whisky,  and  ia  siiid  to  have  been  fonnerly  freely  used  for 
adulteratijig  gin.  Tliia  u  extreiuely  imprnbable.'  The  preseiie>- 
of  free  sulphuric  acid  may  be  detected  bj  the  methods  used  for 
eKamining  vinegar  for  miners!  acids. 

245.  Fme  arid  may  exist  in  brandy,  &c,  as  a  natural  constitu- 
ent iif  the  distilled  liquid.  The  amount  due  to  tliis  cause  is  T«ry 
sinall,  aud  the  acid  so  proseut  is  wholly  volatile.  The  proportion 
tif  total  free  acid  may  be  nacertained  by  titrating  the  spirit  with 
standard  tdkali,  and,  if  the  volatile  acid  be  distilled  off  from  another 
portion  of  the  sample,  the  relative  proportions  of  tixc<l  and  volatile 
acid  may  be  ascertained,  and  ualuulated  to  tartaric  and  acetic  acida 
respectively, 

246.  7'anntn  is  oft«n  present  in  brandy,  &a.,  being  chiefly  ex- 
tracteil  from  the  casks  used  for  storing.  Sometimes  it  is  pniposely 
a<Ided  in  the  form  of  tincture  of  galls  or  oak-bark-  It  may  b© 
detected  by  the  durkeniug  produced  on  adding  ferric  chloride  to 
the  spirit,  and  any  reaction  thus  obtained  may  be  confimied  hy 
boiling  off  the  alcohol  from  another  portion  of  the  spirit  ancl 
adding  solution  of  gelatin  to  the  residual  liquid,  when  a  precipitate 
will  be  produced  if  tannin  be  present. 

247.  Cai-aiitjil  (burnt  sugar)  is  iifiod  for  coiouring  luid  flavouring 
spirita,  and  ia  left  as  a  brown  residue  on  evaporating  the  spirit  on 
tlie  water-buth.  It  is  distinguished  by  its  bitter  taste,  its  power  of 
reducing  Fehling's  solution,  <&c  On  adding  basic  acetate  of  lead 
and  tittering,  spirits  containing  caramel  are  said  to  give  a  yellow  ch* 
brown  solution,  but  otherwise  are  decolorised.  According  to  E. 
Carles,  if  albumin  be  added  to  the  diluted  liquid  and  the 
mixture  well  agitutod  and  allowed  to  settle,  genuine  spirit  will  be 
decolorised,  but  the  colour  dvie  to  caramel  is  not  affected. 

248.  Siifiar,  when  present,  must  always  have  been  added  subse- 
quently to  the  distillation.  Its  presence  ia  legitimate  in  the  case 
of  gin,  which  is  more  strictly  a  liqueur  than  a  simple  spirit. 
Gin  being  perfectly  neutral  in  reaction,  the  cane-sugar  added 
undergoes  no  change;  but  in  acid  spirits  it  is  usually  changed 
to  invert  sugar. 

249.  Heamj  metals,  such  as  lead  and  copper,  may  be  detected 
in  the  original  spirit  by  sulphuretted  hydrogen,  with  the  addition, 
when  zinc  is  to  he  sought  for,  of  ammonium  acetate.  They  may 
also  be  detected  and  estimated  in  the  matter  left  on  evaiMmtlng  the 
sample  to  ibyuess  and  ignituig  the  residue  (see  [lar.  104J, 

*  Tho  BUtliur  has  examiDcd  iniiiiyliumlrcJB  ofiuniples  of  comiiiercul  spirfti, 
and  baa  uot  in  an;  case  met  with  more  than  slight  traces  of  Biil])batcs.  Tha 
experience  of  F,  E.  Engelhenltin  the  State  of  New  Yorlt  is  exactly  siiuilBT, 
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250.  The  flavouring  agents  added  to  spirits  are  usually  em- 
ployed in  such  a  small  quantity  that  any  attempt  to  identify  them 
is  almost  hopeless,  except  imder  very  favourable  circumstances.  A 
useful  means  of  concentrating  the  flavouring  matters  and  ethers 
consists  in  adding  dry  calcium  cliloride  to  the  spirit,  when  the 
alcohol  and  water  are  in  great  measure  absorbed,  and  the  other 
matters  become  concentrated  in  the  residual  li(iuid.  The  aroma 
of  spirits  and  similar  liquids  is  best  observed  by  jK^uring  the 
liquid  into  a  clean  flask,  pouring  it  out  again,  and  noting  the  odour 
of  the  residual  vapour. 

If  the  bodies  producing  the  aroma  are  less  volatile  than  alcohol, 
they  may  be  conveniently  recognised  by  leaving  a  long  strip  of 
filter  paper  partially  immersed  in  the  liquid,  when  the   essences 
will  become  concentrated  in  the  part  of  the  paper  exjwsed  to  the 
air.     The  varied  nature  of  the  flavours  used  is  indicated   in  the 
description  of  the  special  characters  of  the  diflVirent  kinds  of  spirits. 
The  various  ethers  employed  are,  as  a  rule,  more  volatile  than  the 
remainder  of  the  spirit,  and  hence  become  concentrated  in  the  first 
portions  which   distU  over.     In  these,  they    may   sometimes    be 
recognised  by  their  odours,  and  occasionally,  but  rarely,  by  their 
chemical  characters.^     The  active   principles  of  a  few  flavouring 
agents  are  fixed,  and  thus  remain  in  the  residue  when  the  spirit  is 
evaporated.     This  is  the  case  with  capsicum  (cayenne).     In  spirits 
flavoured  with  this  material  the  residue  left  on  evaporation  lias  a 
hot  pungent  taste.     A  still  more  characteristic  property  is  observed 
on  heating  the  residue.     If  capsicum  be  present,  on  smelling  the 
fumes  an  intolerably  pungent  odour  will  be  noticed,  and  a  burning 
sensation  produced  in  the  lungs.     The  same  eff'ects  are  obtainable 
by  smelling  the  fumes  arising  from  heated  cayenne  pepper.     The 
author  has  observed  the  production  of  the  irritant  fumes  in  cjvses 
in  which  the  residue  was  free   from  marked  pungent  taste,  but  he 
was  unable  to   identify  the  substance   present.     Convictions   have 
occurred  for  selling  whisky  adulterated  with  cayemie,  but  in  the 
great  majority  of  cases  cayenne  appears  to  be  used  as  a  flavouring 
agent  and  not  with  any  idea  of  imparting  a  factitious  strength  to 
the   spirits.     Nitro-henzene  has  been    added    to    spirits ;  but    the 
quantity  used  must  be  very  small.     It  may  be  detected  by  distill- 
ing off  the  alcohol,  agitating  the  residue  with   ether,  removing  the 
ethereal  layer  with  a  pipette,  allowing  the  solvent  to  evaporate, 
and  ]x)iling  the  residue  for  some  time  with  zinc  and  dilute  hydro- 
chloric acid,  whereby  the  nitro-benzene  is  reduced  to   aniline. 
The  liquid  is  next  diluted,  neutralised  with  caustic  soda,  and  a 

*  Ethyl  nitrite  if  present  may  be  readily  detected  in  the  distillate  by  the 
brown  colour  produced  on  adding  ferrous  sulphate  and  strong  sulphuric  acid. 
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clear  solution  of  ]>leacliing  |X)wder  cautiously  added.  A  blue  or 
purple  coloration,  often  appearing  somewhat  slowly  and  gradually 
changing  to  brown,  will  be  produced  if  aniline  be  present,  thus 
indicating  the  previous  existence  of  nitro-benzene. 

251.  Liqueurs  or  CordictlS. — Under  these  names  are 
included  a  number  of  special  and  proprietary  drinks  consisting  of 
grain  spirit  heavily  sweetened  and  flavoiured.  They  are  sometimes 
brightly  coloured ;  indigo,  cochineal,  turmeric,  and  gamboge 
being  among  the  least  objectionable  agents  employed,  while  aniline 
dyes,  picric  acid,  and  salts  of  copper  are  occasionally  uwd. 
Sweetened  gin  is,  strictly  speaking,  a  cordial  rather  than 
a  true  spirit.  Among  the  most  popular  liqueurs  may  be  men- 
tioned absinthe,  curagoa,  maraschino,  and  n  o  y  o  a  u. 
R  o  b  u  r,  or  "  tea-spirit,"  which  had  a  short-lived  popularity 
due  to  extensive  advertising,  consisted  of  grain  spirit,  strongly 
sweetened  and  mixed  with  infusion  of  tea-leaves.  Cherry- 
brandy,  o  r  a  n  g  e  -  b  i  1 1  e  r  s,  and  similar  drinks  are  also  of 
the  nature  of  cordials.  These  preparations  do  not  require  detailed 
description. 

252.  Absinthe  is  a  liqueur  containing  a  somewhat  variable  pro- 
portion of  real  alcohol,  and  several  units  of  volatile  oils, — 
those  of  cinnamon,  cloves,  peppenuint,  anise,  and  angelica  ]>eing 
frequently  emj^loyed.  Its  characteristic  constituent,  however,  is 
the  oil  of  wormwood  {Artemiaia  ahmnthium),  to  which  the 
alleged  deleterious  properties  of  absinthe  are  probal)ly  attributable. 
In  consequence  of  the  presence  of  CvSsential  oils,  absinthe  becomes 
milky  on  addition  of  water.  Some  varieties  of  absinthe  contain 
little  or  no  sugar.  The  following  table  shows  the  amoimts  of 
alcohol  and  essential  oils  contained  in  four  different  brands  of 
absinthe.  The  figures  are  due  to  Adrian,  and  are  expressed  in 
terms  of  a  glass  of  30  c.c.  of  the  liqueur  : — 


Ordinary  absinthe 
**Demi.tino" 
"Fine*' 
Swiss 


Absolate 
Alcubul. 


14-3  c.c 
15  0 
20-4 
24-2 


OUof 
Wormwood. 


•005  grammes 

•010 

•010 

•010 


>» 


>> 


f » 


Total  EMential 
OUs. 


*030  grammes 

•046 

•085 

•085 


»» 


A.  Wynter  Blyth  states  the  average  composition  of  the  absinthe 
consumed  in  London  (where  its  use  is  on  the  increase)  to  be — 
alcohol,  50*00 ;  oil  of  wormwood  0*33  ;  other  essential  oils,  2*52  ; 
sugar,  1*50;  clilorophyU,  traces;  and  water,  45*65  i)er  cent. 
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Absinthe  nearly  always  has  a  faintly  acid  reaction,  which 
is  probably  due  to  acetic  acid.  It  usually  aiuount^  to  1*5 
grammes  of  acetic  acid  per  litre.  Tlie  gnnni  cok)ur  of  al)ainthe 
ought  to  be  due  to  chlorophyll,  introduced  fn)m  spinach,  nettles,  or 
parsley.  A  mixture  of  sulphate  of  indigo  with  picric  acid  or 
tumieric  is  not  unfrequently  employed,  and  salts  of  copper 
have  also  been.  used.  Copper  can  be  readily  detected  by  diluting 
the  liqueur  and  adding  potassium  feri*ocyanide,  wliich  will  occasion 
a  brown  colour.  Tlie  vegetable  colouring  matters  are  ])erhaps  best 
detected  by  their  absorption-spectra.  Picric  acid  may  be  recognised 
by  diluting  the  liqueur  with  weak  sulphuric  acid,  and  shaking 
with  ether,  which  will  ac<iuire  a  yellow  cohmr  and  will  dye  silk 
yellow.  Sulphuric  acid  and  antimony  compounds  are  stated  by 
Gardun  to  have  l)een  added  to  absinthe. 

The  alcohol  contained  in  absinthe  may  be  determined  by  the 
ordinary  process  of  distillation,  tlie  proi)ortion  of  essential  oils 
being  insufficient  to  aiftict  tlie  density  materially.  For  the 
determination  of  the  essential  oils,  Raudrimont  recommends 
that  the  distilled  liquid  shoid*!  Ik?  diluted  with  twice  its  measui-e  of 
water  to  cause  the  oils  to  8ej)arate,  and  then  shaken  with  car1>on 
disulphide.  Tliis  being  rtimoved  from  the  bottom  l)y  a  taj),  and 
allowed  to  evai)orate  spontaneously,  lejvves  the*  essential  oils. 

253.  XoYKAU  has  a  flavour  which  is  sometunes  due  to  hydro- 
cyanic  acid,  and  in  other  cases  to  oil  of  bitter-almonds,  or  to 
nitro-benzene  (see  Kirschwasser,  par.  238). 

254.  Tinctures. — in  medicine,  various  alcohol  solutions 
are  employed,  their  permanency  rendering  them  very  convenient. 
These  solutions  are  called  "  tinctures  "  or  "  spirits."  In  some  cases 
they  are  directed  to  be  prepared  with  "Rectified  8j)irit,  1>.P." 
(gp.  gr.  835  =  84  per  cent,  by  weight  of  absolute  alcohol).  The 
tinctures  and  spirits  of  chloroform,  ether,  aconite,  ferric  chloride, 
ferric  acetate,  iodine,  myrrh,  nux  vomica,  camphor,  ginger,  &c.,  are 
made  in  this  way.  On  the  other  hand,  "Proof  Spirit,  13. P.'' 
(sp.  gr.  "920)  is  directed  to  be  used  in  making  the  tinctures  of 
orange-peel,  belladonna,  cantharides,  catechu,  digitalis,  ergot, 
opium,  rhubarb,  sciuills,  &c. 

There  are  in  most  cases  good  reasons  for  the  choice  of  the  alM)V(' 
strengths  of  spirit,  as  experience  sho^vn  them  to  bo  the  best  adai)ted 
for  the  solution  of  the  active  principles  of  the  respective  drugs. 

As,  in  the  prepamtion  of  the  above  tinctures,  i)roof  spirit  is 
sometimes  substituted  for  rectified  spirit,  and  a  mixture  of 
equal  measures  of  rectified  spirit  and  wat<.'r  for  proof  spirit,  it  is 
sometimes  required  to  ascertain  the  strength  of  the  alcohol  which 
has  been  employed. 
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255.  Merc  distillation  is  Hufficicnt  to  separate  the  alcohol  from 
the  tiilctures  of  aconite,  arnica,  belladonna,  calumba,  capsicum, 
catechu,  jalap,  nux  vomica,  opium,  quinine,  &c. ;  and  the  same  is 
true  of  the  tinctures  of  ioiline,  ferric  acetate,  &c.,  if  they  be  first 
treated  with  soda  in  slight  excess.  On  the  other  hand,  the  tinctures 
of  benzoui,  myrrh,  ginger,  camphor,  rhubarb,  &c.,  give  distillates 
contaminated  with  essential  oils  or  similar  volatile  matters  in 
(juantity  sufficient  to  affect  seriously  the  determination  of  the 
alcohol  by  the  density.  The  same  is  tnie  of  the  "aromatic 
8})irit  of  ammonia"  and  tinctures  prepared  with  it,  with  the 
additional  objection  that  the  distillate  will  contain  ammonia,  unless 
the  alkaline  reaction  of  the  spirit  be  previously  carefully  neutrali3ed 
by  hydrochloric  acid. 

256.  Spirits  of  chlorofonu,  nitrous  ether,  and  ether  will  of 
course  yield  distillates  requiring  si>ecial  examination,  or  they  can 
])e  examined  directly.  In  the  other  tinctures  to  which  the  dis- 
tillation process  is  not  directly  ai)plicable,  the  alcohol  may  be 
det(»rmined  in  the  following  matter : — 50  c.c.  are  taken  and 
made  up  to  350  c.c.  by  addition  of  water.  This  usually  causes 
a  precipitation  of  the  volatile  oils  or  resinous  matters,  owing 
to  their  insolubility  in  water  or  very  dilute  alcohol.  The 
liquid  ainnot  be  directly  filtered,  owing  to  the  fine  state  of 
divisicm  in  which  the  precipitate  i;xists,  but  it  may  be  clarified 
})y  adding  a  few  droj)s  of  a  strong  solution  of  calcium  chloride, 
followed  })y  some  sodium  phosphate.  The  residtiint  precipitate 
of  calcium  j)h()8phate  entangles  the  oily  and  resinous  matters. 
The  liipiid  is  now  made  up  to  400  c.c,  filtered  through  a  dry 
filter,  and  250  of  the  filtrate  distilled  at  a  low  temperature, 
the  distillate  made  \\\)  to  250  c.c.  by  addition  of  water,  mid  its 
density  observed.  If  the  foregoing  instructions  be  adhered  to, 
the  percentage  of  proof  spirit  corresponding  to  the  density  of  the 
distillate,  midtiplied  by  8,  will  be  the  percentage  by  volume  of 
proof  spirit  contained  in  the  tincture.  The  percentage  of  absolute 
alcohol  by  weight  corrc»sponding  t<i  this  amount  will  be  the 
percentage  of  al(H)hol  contained  in  the  spirit  of  the  tincture. 

257.  This  is  the  most  convenient  mode  of  expressing  the 
alcoholic  strength  of  tinctures,  as  it  gives  a  figure  which  should 
approximate  to  the  percentage  by  weight  of  absolute  alcohol  in  the 
spirit  used  for  making  the  tincture.  Close  accordance  is  not  to  be 
expected,  for  many  of  the  dnigs  used  eontiiin  water,  and  in  other 
cases  they  sensibly  increase  the  volume  of  the  liquid.^  In 
deciding  on   the  strength  of  the  alcohol  enq)loyed  in  making  the 

1  Spirit  of  camphor  has  a  volume  equal  to  the  sum  of  the  measures  of  the 
camphor  and  alcohol  used  in  preparing  it. 
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tincture,  the  nature  of  the  other  ingredients  should  be  carefully 
considered,  and,  when  possible,  a  similar  tincture  should  be  made 
up  with  alcohol  of  kno^vn  strength,  and  analysed  in  a  similar 
manner  to  the  sample.^ 

If  from  any  cause,  such  as  the  appearance  or  smell  of  the 
distillate,  there  be  doubt  as  to  the  freedom  of  the  alcohol  from 
matters  liable  to  aifect  its  gravity,  the  distillate  may  be  examined 
by  Monell's  colorimetric  method  (see  par.  160). 

Occasionally  tinctures  are  fraudxdently  prepared  with  methylated 
spirit  The  substitution  may  be  detected  by  the  methods  described 
in  par.  133  et  seq,  ^ 

258.  Deposits  from  Tinctures. — Many  tinctures  have  a 
tendency  to  give  dej)osits  on  keeping,  and  it  is  evidently  important 
to  know  whether  the  active  principles  of  the  tinctures   have  a 

^  A  good  example  of  the  mode  of  examining  a  tincture  is  afforded  by  the 
''compound  tincture  of  camphor,"  B.  P.,  a  remedy  largely  employed 
bj  the  medical  profession,  and  commonly  known  to  the  public  by  the  obsolete 
name  of  "  Paregoric  Elixir."  This  preparation  consists  of  a  solution  of  40 
grains  each  of  opium  and  benzoic  acid,  30  of  camphor,  and  half  a  fluid  drachm 
of  oil  of  anise,  dissolved  in  proof  spirit,  and  diluted  with  the  same  to  one  pint. 
The  spirit  being  the  most  costly  ingredient,  there  is  a  strong  inducement  to  the 
Tcndor  to  reduce  its  amount,  a  practice  which  necessitates  the  omission  of  a 
portion  of  some  of  the  other  ingredients.  On  diluting  genuine  compound 
tincture  of  camphor  the  major  part  of  the  oil  of  anise  is  precipitated,  and  if  the 
dilated  liquid  be  then  treated  with  calcium  chloride  and  excess  of  sodium 
phosphate,  filtered,  rendered  distinctly  alkaline,  and  distilled,  the  alcohol  is 
obtained  in  a  state  of  approximate  purity.  The  small  quantity  of  camphor 
present  in  the  original  tincture  passes  over  with  the  spirit,  and  modifies  the 
density  of  the  product  to  a  slight  extent ;  the  difference  is  unimportant.  In 
the  case  of  compound  tincture  of  camphor,  the  treatment  with  calcium  chloride 
i«  not  strictly  necessary,  as  the  proportion  of  oil  of  anise  is  very  small,  but 
carbonate  of  sodium  should  be  added  to  fix  the  benzoic  acid.  The  "  extract  " 
from  the  distillation  should  be  concentrated  to  a  small  bulk,  and  strong  hydro- 
chloric acid  added  in  excess.  This  should  cause  a  precipitation  of  benzoic 
acid,  and  on  shaking  the  liquid  with  ether,  separating  the  upper  layer,  and 
evaporating  off  the  ether  by  a  current  of  dry  air,  the  benzoic  acid  is  obtained 
in  a  state  of  approximate  purity  and  in  a  state  fit  for  weighing.  After 
weighing  it  may  be  moistened  with  ferric  chloride,  which  will  produce  a  deep 
red  colour  if  the  original  preparation  contained  opium.  Sometimes  the  benzoic 
acid  is  wholly  omitted  from  the  compound  tincture  of  camphor.  The  same 
remark  applies  to  the  oil  of  anise,  more  than  ti-aces  of  which  cannot  be 
ptresent  if  the  tincture  remains  clear  when  diluted  with  three  or  four  times  its 
measure  of  water.  The  proportion  of  o  p  i  u  m  present  in  compound  tincture  of 
camphor  can  be  judged  of  by  the  depth  of  red  colour  produced  when  the  sample 
(previoasly  diluted  with  water  or  proof  spirit)  is  treated  with  ferric  chloride. 
By  comparing  the  tint  obtained  with  that  given  by  a  similar  tincture  of 
known  quality,  a  fair  criterion  of  the  proportion  of  opium  may  be  obtained. 
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tendency  to  pass  into  the  deposited  matter.  The  subject  has 
been  investigated  by  R.  A.  Grippe  (Pliami.  Jour.  [3]  xiv.,  483), 
whose  results  may  be  epitomised  as  follows ; — 

The  deposits  from  tlie  tinctures  of  calumba,  cardamoms,  gentian, 
ipecacuanha,  and  lobelia  were  free  from  the  active  principles  of 
the  drugs.  The  deposit  from  tincture  of  rhubarb  contained  a  small 
proportion  of  chrysophanic  acid,  but  was  not  tested  for  cathartic 
acid.  Tincture  of  cinchona  gives  a  deposit  containing  a  notable 
but  variable  projwrtion  of  alkaloids,  and  the  deposit  from  the  com- 
pound tincture  is  of  the  same  character,  in  addition  to  containing 
cochineal.  Tincture  of  quinine  is  ]j|^ade  by  dissolving  sulphate  of 
quinine  in  tincture  of  orange-jxiel,  and  gives  a  deposit  containing 
much  calcium  sulphate.  On  exposure  to  a  low  temperature, 
however,  crystals  of  quinine  sulphate  are  apt  to  form.  The  hydro- 
chloride or  hydrobromide  of  quinine  would  yield  a  tincture  prefer- 
able to  that  made  from  the  sulphate. 

259.  AMYL  ALCOHOL. 

AmyUc  Hydrate.  Potato-spirit.  C^H^jO = ^^^ii  |  O. 

— Several  amylic  ah'ohols  are  known,  differing  somewhat  in  their 
physical  and  chemical  properties.  Normal  amyl  alcohol  boils  at 
137''  C.  Iso-amyl  alcohol  boils  at  128°  to  132°  C,  and  has  a 
density  of  '8148  at  14°  C.  This  is  the  variety  of  amyl  hydrate 
proiluced  by  fermentation,  and  thert^fore  present  in  fusel  oil,  and 
idl  subsequent  statements  respecting  amyl  lUcohol  have  reference 
to  the  iso- variety.^ 

The  preparation  of  amylic  alcohol  from  fusel  oil  is  described  in 

par.  267. 

Pure  amylic  alcohol  is  a  colourless  liquid  of  strong  jKiculiar 
odour  and  acrid  burning  taste.  Dropped  on  paper  it  produces  an 
oily  mark  which  disappears  slowly. 

One  jmrt  of  pure  amylic  alcohol  dissolves  in  39  parts  of  water  at 
15°'5  C,  forming  a  liquid  of  '998  specific  gravity.  One  part  of 
water  dissolves  in  11  "6  parts  of  amylic  idcohol,  forming  a  clear 
liquid  of  '835  specific  gravity. 

Amylic  alcohol  is  miscible  in  all  proportions  with  ethyl  alcohol, 
ether,  chlorofonn,  carlx)n  disulphide,  benzene,  i)etroleum  ether,  and 
fixed  and  volatile  oils ;  and  is  itself  a  solvent  for  sulphur,  phos- 
phorus, ioiline,  camphor,  and  many  idkaloids  and  resins. 

Amylic  alcohol  dissolves  in  all  projHjrtions  in  glacial  acetic  acid 
diluted  with  an  equal  bulk  of  water,  and  may  thus  be  separated 

*  Further  information  respecting  the  alcohols  of  fusel  oil  will  be  found  in 
par.  265. 
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from  neutral  amy  lie  ethers  (e.r/.,  acetate,  valerate,  and  pelargonate 
of  amyl)  which  are  not  soluble  in  acetic  acid. 

Commercial  amylic  alcohol  is  liable  to  contain  traces  of  an  alka- 
loidal  body  which  may  be  removed  by  agitation  with  dilute  acid, 
but  the  presence  of  which  renders  the  liquid  unfit  for  use  as  a 
solvent  for  alkaloids,  &c.,  in  toxicological  investigations. 

260.  Amylic  alcohol  is  very  injurious.  A  few  drops  will  pro- 
duce all  the  intoxicating  eifects  of  a  large  quantity  of  ethyl 
alcohol,  with  giddiness,  nausea,  and  other  unpleasant  symptoms.^ 
In  laiger  doses  it  proves  fataL  To  its  presence  in  new  whisky  the 
injurious  effects  of  that  spirit  are  attributable.  On  keeping  the 
spirit^  most  of  the  amyl  alcohol  becomes  more  or  less  oxidised  or 
converted  into  comparatively  harmless  ethers,  and  the  injurious 
effects  are  less  evident. 

261.  Detbction  of  Amylic  Alcohol. 

a.  When  amylic  alcohol  wanned  with  1^  to  2  times  its  volume 
of  strong  sulphuric  acid,  amyl-sulphuric  acid,  CsH^^jHSO^ 
is  formed,  with  production  of  a  red  colour.  Amyl-sulphuric  acid 
is  viscid,  soluble  in  water  and  alcohol,  and  decomposed  by  distilla- 
tion. In  presence  of  sugar  and  other  fixed  substances  this  test 
is  very  f^acious,  but  if  applied  to  a  product  of  distillation, 
especially  if  boiling  between  120°  and  135°  C,  the  production 
of  even  a  faint  red  colour  is  strong  presumptive  evidence  of  the 
presence  of  amyl  alcohol. 

b.  When  amylic  alcohol  is  heated  with  an  acetate  and  strong  sul- 
phuric acid,  amyl  acetate  is  formed  (see  par.  349),  which  when 
perfectly  pure  has  the  odour  of  the  jargonelle  pear.  In  presences  of 
^th  part  of  ethyl  alcohol,  the  product  smells  of  the  bc^rgamot  pear. 

c.  When  amylic  alcohol  is  heated  with  an  oxidising  agent, 
€,g,y  sulphuric  acid  and  bichromate  of  pottvssium,  an  apple-like 
odour  of  valeric  aldehyde,  CgHj^O,  is  first  produced, 
followed  by  the  strong  and  peculiar  smell  of  valeric  acid, 
CjHj^Og.  In  presence  of  much  ethyl  alcohol,  the  smell  of  the 
resultant  acetic  acid  quite  overpowers  that  of  the  valeric  acid. 

^  According  to  the  experiments  of  Rabuteau,  amylic  alcohol  produces  iiitoxi- 
CAting  effects  of  a  similar  kind  to  those  due  to  ethyl  alcohol,  but  15  times  as 
intense.  (The  effects  of  butyl  alcohol  were  only  5  times  as  intense.)  The 
researches  of  other  observera  have  shown  that  the  physiological  effect  of  the 
alcohols  increases  with  the  number  of  carbon  atoms.  Brockhaus  has  recently 
personally  investigated  the  effects  of  propyl,  butyl,  and  amyl  alcohols  on  the 
system.  He  found  the  disagreeable  symptoms  to  increase  with  the  molecular 
weight  of  the  alcohols,  and  amyl  alcohol  itself  proved  to  bo  a  very  violent  . 
poiaon.  He  concluded  that  the  impurities  of  potato-brandy  had  a  much  more 
actiTe  influence  on  the  human  organism  than  was  exerted  by  ethyl  alcohol. 
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262.  The  Determination  of  Amyl  Alcohol  may  be  approxi- 
mately effected  by  oxidising  it  to  valeric  acid  by  dilute  chromic  acid 
mixture  as  described  in  par.  295.  In  the  absence  of  other  acid- 
yielding  substances,  the  valeric  acid  may  be  determined  by  titra- 
tion, but  otherwise  the  method  described  in  the  section  on  the 
"  Homologues  of  Acetic  Acid  "  must  be  resorted  to. 

The  determination  of  amyl  alcohol  in  spirituous  liquids 
is  based  on  the  above  principles  (see  par.  273). 

263.  The  Separation  op  Amyl  Alcohol  from  moderate  quan- 
tities of  ethyl  alcoholis  fully  described  under  fusel  oU  (see 
par.  268).  From  butyl  alcohol  and  valeric  aldehyde 
(boOing  at  93*^  C),  amylic  alcohol  may  be  approximately  separated  by 
fractional  distillation  (see  par.  267).  From  neutral  amylic 
ethers,  amylic  alcohol  may  be  separated  by  agitation  with  glacial 
acetic  acid  diluted  with  an  equal  bulk  of  water, — a  mixture  in 
which  the  ethers  are  insoluble. 

264.  Fusel  Oil. 

In  the  alcoholic  fermentation  of  potatoes,  com,  and  the  marc  of 
grapes,  there  are  always  formed, — and  especially  when  the  fermen- 
tation is  conducted  in  an  alkaline,  or  but  slightly  acid,  liquid, — in 
addition  to  common  alcohol,  various  oily  bodies  of  higher  boiling 
points  than  alcohol,  and  which  are,  therefore,  found  in  the  last 
I)ortions  of  the  distiQate  obtained  in  the  process  of  rectificatioiL 
These  liquids  consist  chiefly  of  alcohols  of  the  series  0^112^4-20,  and 
together  constitute  "  fusel "  or  "  f ousel  oil." 

265.  Potato  fusel  oil  sometimes  consists  almost  entirely  of 
ethylic  and  amylic  alcohols,^  the  latter  forming  the  larger  propor- 
tion. Fusel  oil  from  other  sources  often  contains  propylic,  butylic, 
and  hexylic  alcohols,  and  various  aldehydes  and  ethers  are  fre- 
quently present. 

The  following  table  shows  the  fonnxda,  densities,  and  boiling 

^  The  following  proportions  of  various  alcohols,   &c.,   wore  obtained  by 
Babuteau  (Coinpt,  lieiui.,  Ixxxvii.  501)  from  1  litre  of  potato  fusel  oil : — 

Iso-propyl  alcohol, 

Propyl  alcohol, 

Iso-butyl  alcohol, 

Normal  butyl  alcohol, 

Methyl-propyl  carbinol, 

lao-amyl  alcohol, 

Pi'oducts  boiling  above  132°  and  retaining  amyl  alcohol, 

w  a  «er,       ••••*. 

Ethyl  alcohol,  aldehyde,  and  ethyl  acetate, 

Trimethyl-carbinol  also  appears  to  have  been  present.     No  mention  is  made 
of  tlie  presence  of  amylic  ethers. 


150 

c.c. 

30 

50 

d5 

60 

275 

170 

125 

75 
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points  of  the  various  alcohols  which  occur,  or  are  supposed  to 
occur,  in  fusel  oil : — 


Propyl  akoholsi 


CA,0  J 

Butyl  alcohols) 


raityTalcohols 


CrHigO 


Ethyl  Alcohol,  CH3.CH2.OH 

(Hcthyl-carbindl.) 

1.  Normal  Propyl  Alcohol,  CH3.CH2.CH2.OH, 

(Ethyl-carbinol.) 

2.  I«o-  or  secondary  Propyl  Alcohol,  (CH3)2 :  CH.OH, 

(Dimethy  1-carbinoI. ) 
1.  o-Normal-priniaryi  Batyl  Alcohol,  CH3.CH2.CH2.CH2.OH, 
(Propyl-carbinol.) 

1.  /S-Iso-primary  Butyl  Alcohol,  (CH,)^  :  CH.CH2.OH, 

(Iso-propyl-carblnol.) 

2.  Tertiary  i  Butyl  Alcohol,  (CH,), :  C.OH, 

(Trimethy  1-carbinol .) 
1.  a-Normal-primary  Amyl  Alcohol  CH3.CH-..CH2.CH2.CH2.0H, 
(Botyl-carbinol.) 

L  /3-l80-primary  Amyl  Alcohol,  (CH,), :  CH.CH2.CH2. OH, 
(Isobutyl-carbinol. ) 

1.  y-Iso-primi^  Amyl  Alcohol,  CHj   )  .  pw  rw   nw 

(Secondary  Butyl  carbinol.)    CjHa  f  *  ^"•^"2"".    • 

2.  Methyl-propyl  carbinol,  ^^  }-  :  CH.OH, 

ISO-primary  Hexyl  Alcohol,  (CH3)2 :  CH.CH2.CH2.CH2.OH, 
lao-primary  Heptyl  Alcohol,  (CH3)2 :  CH.CH2.CIi2-CH2.CH2.OH, 


Density. 

Boiling 
Point 

•c. 

-7938 

78-4 

8066 

97-4 

•787 

82-8 

•813 

117-0 

•799 

106-4 

melts  at 
25* 

82-5 

•820 

187 

•814 

131 

•813 

128 

•816 

120 

•  •• 

•  •• 

148-164 
156-160 

*  The  classification  of  alcohols  as  primary,  secondary,  and  tertiary  is  based 
on  their  supposed  constitution.  In  the  primary  alcohols  the  hydroxyl  group 
ii  always  connected  with  the  group  CHj. ;  thus,  CH,.  OH.  In  the  secondary 
ilcohols  it  is  linked  to  CH.,  and  in  the  tertiary  alcohols  to  C. .  The  boiling 
points  of  the  primary  are  higher  than  those  of  the  secondary,  and  these  again 
boil  at  a  higher  temperature  than  the  corresponding  tertiary  alcohols.  On 
oxidation  by  chromic  acid  mixture  (par.  295),  the  primary  alcohols  yield 
oHdehydes  containing  the  same  number  of  carbon  atoms,  and  these  by  further 
oxidation  are  converted  into  acids  of  the  acetic  scries  containing  the  same 
number  of  carbon  atoms  as  the  original  alcohols  ;  the  secondary  alcohols  yield 
ketones  containing  the  same  number  of  carbon  atoms,  but  which  on  further 
oxidation  furnish  acids  of  the  acetic  series  containing  fewer  carbon  atoms  than 
the  original  alcohols  ;  and,  lastly,  the  tertiary  alcohols  do  not  under  any  cir- 
cumstances yield  acids  containing  the  same  number  of  carbon  atoms. 

The  following  method  enables  alcohols  of  different  scries  to  be  more' 
readily  recognised.  The  alcohol  is  heated  with  hydriodic  acid,  and  thus  con- 
verted into  the  corresponding  iodide.  This  is  dried  and  added  to  an  equal 
weight  of  dry  argentic  nitrite,  previously  mixed  with  its  own  volume  of  dry 
sand.  The  flask  is  heated  over  a  small  flame,  and  when  action  is  over  the 
mixture  is  distilled  into  a  test-tube,  where  it  is  shaken  with  three  times  its 
measure  of  strong  potash  solution  containing  some  potassium  nitrite.  Dilute 
sulphuric  acid  is  then  added  drop  by  drop  till  the  reaction  is  acid.  If  a 
primary  alcohol  has  been  operated  on  the  liquid  will  assume  an  intense  red 
colour ;  if  a  aecoTidary,  it  becomes  dark  blue  ;  while  the  product  from  a 
tertiary  alcohol  remains  colourless.  The  test  succeeds  with  as  little  as  half  a 
gramme  of  the  alcoholic  iodide. 
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266.  The  researches  of  Pasteur,  Le  Bel,  and  Ley  have  proved 
that  the  amylic  alcohol  of  fusel  oil  really  consists  of  a  mixture  of 
two  iso-primaiy  amyl  alcohols  of  nearly  identical  boiling  points 
and  specific  gravities.  One  of  these  (iso-butyl  carbinol)  is  optically 
inactive,  but  the  other  presents  the  unique  property  (for  an  alcohol) 
of  rotating  the  plane  of  a  polarised  ray  of  light  to  the  left.  On 
oxidation  they  are  acted  on  with  very  different  facilities,  but  both 
furnish  valeric  aldehydes,  "vvhich  on  further  oxidation  are  con- 
verted into  valeric  acids.  The  acid  derived  fiom  the  optically 
active  alcohol  is  also  optically  active,  but  dextro-rotatory,  and  it 
forms  a  gummy  barium  salt,  that  from  the  inactive  acid  being 
crystalline.     The  (juinme  salts  exhibit  the  same  difference. 

267.  Amylic  alcohol  may  be  separated  from  fusel  oil  in  a  state 
of  approximate  purity,  by  agitating  the  liquid  with  strong  brine, 
separating  and  distilling  the  oily  layer,  and  collectmg  separately 
the  portion  which  passes  over  between  125°  and  140°  C.  The 
fraction  which  distils  between  105°  and  120°  C.  consists  almost 
entirely  of  iso-butyl  alcohol. 

The  amyl  alcohol  obtauied  in  the  above  manner  may  be  further 
purified  by  agitating  it  with  hot  milk  of  lime,  drying  with  chloride 
of  calcium,  rectifying,  and  collecting  separately  the  jwrtion  which 
distils  between  128°  and  132°  C. 

For  the  mode  of  separating  amylic  alcohol  from  the  neutral 
ethers  and  aldehydes  of  fusel  oil,  see  par.  263. 

268.  Fusel  oil  may  be  imported  into  England  free  of  duty  if  it 
contain  less  than  15  per  cent,  of  proof  spirit.  It  is  tested  by  the 
Excise  by  shaking  it  with  an  equal  volume  of  water  to  remove  the 
spirit,  and  then  ascertaining  the  amount  of  alcohol  contained  in  the 
aqueous  liquid  by  taking  its  specific  gravity.  The  test  gives 
f^rroneous  results,  as  fusel  oil  is  a  mixture  of  various  alcohols,  of 
which  only  amylic  is  approximately  insoluble  in  water.  As  an 
improvement  on  this  test,  G.  L.  Ulex  {Neties  Jahrb,  der  Pharm,, 
xxxix.  333)  recomlnends  the  following,  based  on  the  low  tempera- 
ture at  which  ethyl  alcohol  distils : — 1 00  c.c.  of  the  sample  are  heated 
in  a  retort  till  5  c.c.  have  passed  over ;  the  distillate  is  shaken  with 
an  equal  volume  of  a  saturated  solution  of  common  salt,  and  the 
mixture  allowed  to  stand.  If  the  fusel  oil  which  separates  amounts 
to  one-half  of  the  distillate  or  more,  the  sample  is  sure  to  contain 
less  than  15  per  cent,  of  spirit,  and  is  free  from  any  fraudulent 
admixture  with  the  same.  If  less  fusel  oil,  or  none  at  all,  separate, 
the  presence  of  15  per  cent,  of  the  spirit  may  be  safely  assumed. 
In  the  latter  case,  the  quantity  of  the  adulterant  may  be  deter- 
mined by  shaking  a  known  measure  of  the  sample  with  an  equal 
bulk  of  a  saturated  solution  of  common  salt  (in  which  propyl  and 
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butyl  alcohols  are  much  less  soluble  than  in  water),  allowing  the 
aqueous  liquid  to  settle  out,  distilling  it,  and  estimating  the 
contained  alcohol  by  noting  the  volume  and  density  of  the 
distillate. 

269.  The  author  has  proved  the  accuracy  of  another  method  of 
approximately  separating  amylic  from  ethylic  alcohol,  which  is  to 
agitate  the  sample  in  a  graduated  tube  with  an  equal  volume  of 
benzene  or  petroleum  spirit,  subsequently  adding  sufficient  water  to 
cause  the  benzene  to  separate.  The  increase  in  the  volume  of  the 
benzene  indicates  with  approximate  accuracy  the  amount  of  amylic 
alcohol  in  the  sample  under  examination. 

270.  Detection  of  Amylic  Alcohol  in  Spirituous 
Liquids. 

Amylic  alcohol  occurs  to  a  greater  or  less  extent  in  many  varieties 
of  commercial  alcohol,  especially  those  obtained  by  the  fermenta- 
tion of  grain  or  potatoes.  To  Its  presence  in  recently  manufactured 
whisky  the  deleterious  effects  of  the  raw  spirit  are  attributable. 
On  keeping,  the  amylic  alcohol  is  more  or  less  destroyed  by 
oxidation  and  conversion  into  comparatively  harmless  ethers. 

The  actual  proportion  of  amylic  alcohol  present  in  different 
varieties  of  whisky  is  very  uncertain,  but  few  accurate  experiments 
having  been  made.  According  to  Duprt^,  a  sami)lo  of  Scotch 
whisky  contained  0'19  of  amylic  alcohol  for  100  of  ethylic  alcohol. 
A  sample  of  "Cape  Smoke"  contained  0*24,  and  of  "Common 
Samshoe"  0*18  of  aniyl  alcohol  per  100  of  ethyl  alcohol. 

The  alleged  adidteration  of  whisky  with  fusel  oil  is  probably 
based  on  an  error,  though  it  is  quite  ix)ssiblo  that  it  has  occurred 
in  exceptional  cases.  The  natural  variation  in  the  proj>ortion  of 
amylic  alcohol  contained  in  spirit  is  very  considera})le,  being 
materially  affected  by  the  mode  of  distillation,  in  addition  to  the 
causes  previously  mentioned. 

271.  Of  the  many  methods  of  detecting  amylic  in  spirituous 
liquids,  comparatively  few  have  any  value.  The  following  have  all 
been  tried  by  the  author,  and  verified  to  the  extent  stated : — 

a,  A  useful  rough  test  is  to  \k>ut  the  sample  of  spirit  on  filter 
paper  contained  in  a  plate  or  flat  basin,  allowing  it  to  evaporate 
spontaneously,  or  by  the  application  of  a  very  gentle  heat.  In  the 
last  portions  the  smell  of  fusel  oil  is  often  distinctly  recognisable, 
especially  if  the  licjuid  be  wanned.  A  sample  of  gin  to  which 
fflAjff  ^^  amyl  alcohol  had  been  added  was  found  by  the  author  to 
respond  to  this  test. 

b.  Another  useful  indication  is  aflfortled  by  dissolving  1  gramme 
of  caustic  potash  in  150  c.c.  of  the  spirit,  evajwrating  the  liquid 
slowly  down  to  15  c.c,  and  then  mixing  it  with  an  equal  measure 
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(15  C.C.)  of  dilute  sulphuric  acid,  when  the  liquid  will  exhale  an 
odour  which  is  often  characteristic  of  the  origin  of  tlie  spirit,  and 
indicative  of  its  source  in  raw  grain,  malt,  potatoes,  rye,  arrack, 
&c.     The  odour  i)roduced  is  often  very  disgusting. 

c.  A  valuable  means  of  concentrating  the  fusel  oil  is  to  distil 
off  tlie  greater  part  of  the  alcohol  at  as  low  a  temperature  as 
possible.  In  the  residual  liquid,  especially  while  it  is  warm, 
the  fusel  oil  may  often  be  detected  by  the  smell.  The  residual 
liquid  is  mixed  with  an  equal  measure  of  ether,  and  then  well 
shaken.  If  the  ethereal  layer  do  not  separate  spontaneously,  an 
equal  measure  of  water  should  be  added.  The  ethereal  layer  is 
separated,  and  allowed  to  evaporate  spontaneously.  In  the  residue, 
amylic  alcohol  may  be  recognised  by  its  smell  and  chemical 
characters.  Petroleum  ether  may  be  advantageously  substituted 
for  the  ether,  as,  owing  to  its  slight  solubility  in  alcohol,  it  may 
often  be  applied  to  the  original  liquid. 

By  pouring  the  mixed  liquid  through  a  wet  filter,  the  author 
found  he  could  get  rid  of  the  ordinary  alcohol  and  water,  while 
the  amylic  alcohol  was  retained  by  the  ether,  which  rapidly  eva- 
porated and  left  the  fusel  oil  in  a  state  readily  recognisable  by 
the  smelL  The  amylic  alcohol  in  a  gin,  to  which  i^'^q^  had  been 
l)urposely  added,  was  readily  recognised  by  the  author  in  this 
manner.  If  desired  the  residue  can  be  further  examined  by  one 
of  the  following  tests  : — 

d.  L.  Marquardt  dilutes  40  c.c.  of  the  spirit  with  sufficient 
water  to  bring  the  density  to  alx)ut  '980,  and  then  agiUites  the 
liquid  with  15  c.c.  of  pure  cliloroform.  The  clilorofonn  is  allowed 
to  settle,  separated,  and,  after  shaking  with  an  equal  measure  of 
water,  is  allowed  to  eva])orate  sjwntaneously.  The  residue  is 
treated  with  a  little  water  and  one  or  two  drops  of  sulphuric  acid, 
and  sufficient  solution  of  ])otassium  pennanganate  is  then  added  to 
cause  the  mixture  to  remain  red  after  standing  for  24  hours 
in  a  closed  tube.  Shortly  after  adding  the  permanganate,  the 
smell  of  valeric  aldehyde  will  be  observed,  but  after  stiinding  only 
the  odour  of  valeric  acid  is  distinguishable.  This  can  be  recog- 
nised even  when  the  original  residue  is  almost  odourhiss,  and  the 
smell  is  not  masked  by  the  presence  of  essential  oils,  &c. 

e.  Many  samples  of  alcohol  containing  fusel  oil  to  the  extent  of 
O'l  per  cent,  respond  to  the  following  test,  which  depends  on  the 
existence  of  furfuraldehyde  in  the  sample  : — 1 0  c.c.  of  the 
spirit  are  mixed  with  10  drops  of  colourless  aniline,  and  2  or  3  drops 
of  sulphuric  acid,  when  a  fine  red  colour  will  be  produced.  The 
test  is  still  more  delicate  if  the  residue  of  a  chloroform  or  ether 
extraction  of  the  spirit  be  used  for  the  experiment. 
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272.  The  Determination  of  Fusel  Oil  in  Spirits  cannot  be 
effected  veiy  accurately,  as  it  is  present  in  veiy  small  proportion  and  is 
not  a  definite  substance,  being  a  variable  mixture  of  amylic,  butylic, 
and  other  alcohols,  various  amylic  ethers,  &c.  Most  methods  aiming 
at  the  actual  estimation  of  the  fusel  oil  are  based  on  the  determina- 
tion of  the  amyl  alcohol,  which  is  its  leading  constituent. 

273.  The  following  process,  due  to  L.  Marquardt  {Ber,  Cheni, 
Ge8,y  XV.  1661,  and  Jour.  Soc.  Chem.  Ind,^  i.  331,  377),  is  based  on 
the  extraction  of  the  amylic  alcohol  by  chloroform,  its  oxidation  to 
valeric  acid,  the  conversion  of  the  latter  into  barium  valerate,  and 
the  estimation  of  the  barium  thus  combined: — 150  grammes  of 
the  sample  are  diluted  with  water  to  a  density  of  alwut  '980  and 
agitated  with  50  c.c.  of  pure  chloroform  ^  for  a  quarter  of  an  hour. 
The  aqueous  layer  is  separated  and  shaken  with  another  50  c.c.  of 
chloroform,  and  subsequently  treated  a  third  time.  The  150  c.c. 
of  chloroform,  containing  in  solution  the  amylic  alcohol  of  the 
spirit,  is  treated  in  a  strong  flask  or  bottle  with  2  grammes  of 
sulphuric  acid  and  a  solution  of  5  grammes  of  potassium  bichromate 
in  30  c.c.  of  water.  The  flask  is  then  closed  and  kept  at  a 
temperature  of  85°  C,  with  frequent  agitation,  for  six  hours.  The 
liquid  is  then  distilled  till  all  but  20  c.c.  have  passed  over,  when 
80  c.c.  of  water  is  added  to  the  residue  and  the  distillation  repeated 
till  only  5  c.c.  remains  in  the  flask.  The  distillates  are  digested 
for  half  an  hour  with  barium  carbonate,  in  a  flask  furnished  with  an 
inverted  condenser,  after  which  the  chloroform  is  distilled  off  and 
the  aqueous  liquid  evaporated  to  a  volume  of  5  c.c.  The  solution 
is  then  filtered  from  the  excess  of  barium  carbonate,  and  the 
filtrate  evaporated  to  dryness  at  100.°  The  residue  ("A")  is 
weighed,  dissolved  in  water,  and  the  solution  diluted  to  100  c.c. 
50  C.C.  measure  is  acidulated  with  nitric  acid  and  precipitated  by 
silver  nitrate,  the  resultant  cliloride  of  silver  being  collected, 
weighed,  and  calculated  into  its  equivalent  of  chlorine  (143*5  of 
AgCl  =  35'5  of  CI).  The  remaining  50  c.c.  is  precipitated  with 
dilute  sulphuric  acid,  the  barium  sidphate  being  collected  and 
weighed.     The  weight  found  is  calculated  into  its  equivalent  of 

^  Chloroform  prepared  from  chloral  is  to  be  preferred,  as  the  ordinary  kind, 
thongh  it  may  not  colour  sulphuric  acid,  is  apt  to  contain  impurities  which 
3rield  valeric  acid  and  other  volatile  fatty  acids  by  oxidation.  For  its  purifica- 
tion, 220  C.C.  are  heated  in  a  well-closed  bottle  with  d|  grammes  of  potassium 
bichromate,  1  '4  grammes  of  sulphuric  acid,  and  a  small  quantity  of  water. 
The  mixture  is  kept  at  85°  C.  for  six  hours  and  frequently  shaken.  The  chloro- 
form  is  then  distilled  off,  and  shaken  with  water  and  barium  carbonate.  The 
mixture  is  heated  for  half  an  hour  in  a  flask  fitted  with  an  inverted  condenser, 
when  the  chloroform  is  again  distilled. 
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barium  (233  of  BaS04=  137  of  Ba).  The  sum  of  the  weights  of 
tlie  bariimi  and  chlorine  found,  subtracted  from  that  of  the  residue 
A,  gives  the  weight  of  the  valeric  radicle  contained  therein,  and 
this  multiplied  by  the  factor  0*871  gives  the  weight  of  amylic 
alcohol  in  the  1 50  grammes  of  spirit  employed  for  the  operation. 
The  errors  produced  by  the  presence  of  substances  in  the  fusel  oil 
other  than  amylic  alcohol  tend  to  comt)ensate  each  other,  and  hence 
the  results  are  very  fairly  accurate.  Marquardt  obtained  1*02 
grammes  of  fusel  oil  for  1000  grammes  of  spirit,  against  I'OO 
gramme  added. 

274.  b.  When  the  proportion  of  fusel  oil  is  considerable,  the 
amount  may  })e  approximately  ascertained  by  distilling  500  or 
1000  C.C.  of  the  spirit  to  135°  C.  in  a  flask  furnished  with  a 
fractionating  tube  (see  par.  35).  When  the  thermometer  rises  to 
98°  the  receiver  is  changed,  and  the  portion  distilling  between  that 
temperature  and  110°  collected  separately  and  again  fractionally 
distilled.  The  last  portion  so  obtained  is  added  to  the  part  of  the 
first  distillate  coming  over  between  110°  and  135°  C.  These 
imited  distillates  are  set  aside ;  after  the  first  hour  or  two,  if  no 
aqueous  layer  separates  at  the  bottom,  ^th  of  the  volume  of  water 
is  added,  and  the  whole  agitated.  After  twelve  hours,  the 
aqueous  layer  is  separated  with  a  pipette  and  the  residual  fusel  oil 
measured  or  weighed.  This  process  aims  at  the  direct  determina- 
tion of  the  fusel  oil  as  such,  instead  of  the  estimation  of  any  lead- 
ing constituent.  Probably  the  method  might  be  advantageously 
modified  by  agitating  the  fusel  oU  distillate  in  a  graduated  tube 
with  an  equal  volume  of  benzene  or  petroleum  spirit,  and  estimat- 
ing the  amount  of  fusel  oU  from  the  increase  in  the  bulk  of  the 
upper  layer. 
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275.  Among  the  neutral  derivatives  of  the  alcohols  are  inchided 
a  munber  of  important  Ixxlies,  of  which  chlorofonu,  ether,  coni- 
pound  ethers,  and  aldehyde  are  pi-ominent  examples. 

As  a  rule,  the  neutral  derivatives  of  the  alcohols  arc  volatile 
ethereal  liquids,  but  important  exceptions  exist  to  this  generalisa- 
tion. The  bodies  of  this  division  employed  in  commerce  are  of 
too  varied  a  nature  to  admit  of  general  desciiption.  Tlie  more 
important  of  them  are  fully  discussed  under  special  sections 
devoted  to  them. 


276. 

Ethylic  Ether.'    Ethyl  Oxide. 

French — Ether.     German — Aether. 

rcH, 

(  O.C,H,. 

When  used  as  a  proper  name  the  tenu  "ether"  always 
signifies  ethylic  ether.  When  employed  generically  the  word 
ether  has  a  far  wider  signification  (see  par.  287). 

Ether  can  be  obtained  by  a  variation  of  reactions,  but  is  always 
manufactured  in  practice  by  distilling  alcohol  with  strong  sulphuric 
acid.^  The  reaction  consists  first  in  the  production  of  ethyl- 
sulphuric  acid  (sulpho-vinic  acid)  CgH^HSO^  and  this 
product  at  a  higher  temperature  (ISC'*  C.)  acts  on  a  second 
molecule  of  alcohol  with  formation  of  ether. 

1 .  Cfi^my  +  HgSO^  =  C2H5,HSO^ 4-  H/)  ;  and 

2.  CsjH5,HS0^  4-  C2H5,HO  =  (C.H^)/^  +  H,SO,. 

It  is  thus  evident  that  sulphuric  acid   is  reproduced.     Theoreti- 
cally, therefore,  a  limited  quantity  of  sulphuric  acid  is  capable 

*  In  reference  to  this  mode  of  preparation,  ether  was  formerly  called  "  s  u  1- 
phaiic   ether." 
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of  converting  a  much  larger  quantity  of  alcohol  into  ether.  Ad- 
vantage is  taken  of  this  fact  in  practice,  but  the  formation  of 
secondary  products  ultimately  puts  a  stop  to  the  process.  The 
first  distillate  contains  (l)eside8  ether)  alcohol,  water,  sulphurous 
and  acetic  acids,  oil  of  wine,  &c.  By  addition  of  water  the  alcohol 
may  be  eliminated,  the  ether  forming  a  separate  layer  on  the 
surface.  The  acids  and  water  may  be  got  rid  of  by  agitation  with 
potassium  carbonate,  and  the  ether  obtained  pure  by  redistillation.^ 

277.  Ether  is  a  highly  volatile,  colourless,  limpid  liquid,  of 
penetrating  agreeable  odour,  and  pungent  sweetish  taste.  When 
pure,  it  boils  at  35°  C,  and  has  a  density  according  to  Mendelejetf 
of  0-7174  at  15°  C,  or  0*7364  at  0°  C.  It  soHdifies  at- 129°  C. 
to  a  white  crystalline  mass,  which  liquefies  at  —117*4°  C. 

Ether  is  sparingly  soluble  in  water,  and  still  less  so  in  glycerin, 
the  solutions  having  a  neutnd  reaction.  With  alcohol,  cliloroform, 
benzene,  petroleum  spirit,  fixed  and  volatile  oils,  ether  is  mis- 
cible  in  all  proportions. 

Ether  dissolves  resins,  fats;  many  alkaloids;  phosphoms,  bromine, 
and  iodine;  ferric,  mercuric  and  auric  chlorides;  and  mercuric  (but 
not  mercurous)  iodide. 

In  the  air,  ether  oxidises  very  slowly  to  acetic  acid.  Both  the 
liquid  and  vapour  are  very  combustible,  burning  with  a  wliite 
luminous  flame. 

278.  Commercial  Ether. 

Commercial  Ether  freqilbntly  contains  water  (1  part  of  water 
dissolves  in  35  of  ether),  and  very  considerable  quantities  of  alcohol. 

"  Ether  "  B.P.,  is  described  as  having  a  specific  gravity  of  0*735, 
and  containing  not  less  than  92  per  cent,  by  volume  of  real  ether. 

The  "  Ether "  of  the  Gennan  Pharmacopoeia  has  a  specific 
gravity  of  0*724  to  0*728,  and  boils  at  34°  to  36°  C. 

The  "Ether"  of  the  French  Codex  has  a  density  of  0*720 
to  0*725  at  15°  C. 

The  "  Ether  "  of  the  United  States  Pharmacopoeia  has  a  density 
of  al>out  0*750,  and  consists  of  74  per  cent,  of  real  ether,  and  26 
per  cent,  of  alcohol  containing  a  little  water.     "  iEther  fortior," 

^  In  the  arrangement  employed  by  Dr  Squibb,  the  vapours  of  ether  and 
unchanged  alcohol  are  first  washed  by  a  solution  of  caustic  potash  maintained 
at  a  temperature  above  the  boiling  point  of  alcohol,  the  latter  liquid  is  then 
condensed  in  a  wonn  kept  at  a  suitable  temperature,  and  runs  back  into  the 
still,  while  the  ether  vapour  retaining  about  4  per  cent  of  alcohol  is  con- 
densed in  a  well-cooled  arrangement.  360  lbs.  of  concentrated  sulphuric  acid 
suffice  to  ctherify  120  barrels  of  clean  spirit,  and  then  has  to  be  changed  chiefly 
because  the  impurities  of  the  spirit  render  the  mixture  dark  and  tarry  and 
liable  to  froth  in  the  still  {Epheineria^  ii.  590). 
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U.S.P.,  is  statod  to  have  a  density  not  exceeding  0*725  at  15°  C, 
and  to  boU  at  37°  C. 

From  these  characters  it  is  evident  that  tlie  presence  of  water 
or  alcohol  in  ether  tends  to  raise  the  boiling  point  and  increase 
the  density  of  the  liquid. 

279.  The  foUowing  table  by  Dr  Squibb  {Ephemens,  ii.,  598), 
shows  the  density  of  various  mixtures  of  ether  of  0*71890  specific 
gravity  with  alcohol  of  '82016  specific  gnivity  (  =  90*94/^  by 
weight  of  absolute  alcohol) ;  the  densities  of  both  liquids  being 
taken  at  60°  F.  (=15'5°  C),  and  compared  with  water  at  the 
same  temi)erature  taken  as  unity  : — 


Pereentageof 

Ether  by 

Weight. 

Specific 
Gravity. 

Percentage  of 
Ether  by 
'       Weight. 

Specific 
Gravity. 

Percentaice  of 
Ether  by 
Weight. 

99 

72021 

89 

•73298 

79 

98 

•72152 

88 

•73428 

78 

97 

•72284 

87 

•73547 

77 

i         96 

•72416 

86 

•73666 

76 

'         95 

•72541 

85 

•73785 

75 

'         94 

•72666 

84 

•73904 

74 

93 

•72792 

83 
82 

•74022 

73 

92 

•72918 

•74141 

72 

91 

•73043 

81 

•74260 

71 

90 

1 

•73168 

80 

1 

•74378 

70 

Specific 
Gravity. 


•74495 
•74612 
•74729 
•74846 
•74975 
•76104 
•75233 
•75362 
•75492 
•75623 


280.  Absolute  ether  fonns  a  clear  mixture  with  any  proportion 
of  oil  of  copaiba.  If  it  contain  alcohol  or  w  a  t  e  r  it  forms  an 
emulsion  when  shaken  with  a  considerable  proportion  of  the  oiL 
Anhydrous  ether  also  forms  a  perfectly  clear  mixture  with  an 
equal  bulk  of  carbon  disulpliide  ;  but  if  the  smallest  quantity  of 
water  be  present  the  mixture  is  milky. 

Grallotannic  acid  (tannin)  is  not  affected  by  ixjrfectly  aidiydrous 
ether,  but  it  deliquesces  to  a  syrup  if  a  small  projwrtion  of  alcohol 
or  water  be  present. 

281.  The  most  delicate  test  for  the  presence  of  alcohol  in 
ether  is  that  of  Lieben,  founded  on  the  formation  of  iodoform 
by  alcohol  but  not  by  ether.  The  method  of  applying  the  test  is 
described  in  par.  151,  c.  Very  careful  purification  is  necessary  to 
obtain  ether  which  does  not  respond  to  this  test,  and  mere  keeping 
in  presence  of  moisture  generates  traces  of  alcohol  sufficient  to 
produce  the  reaction. 

282.  Several  chemists  have  pointed  out  that  crystallised  fuch- 
sine  (acetate  of  rosaniline  ^)  is  insoluble  in  pure  anhydrous  ether 

'  The  hydrochloride  of  aniline  is  not  suitable  for  this  test. 
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or  chlorofonu,  but  that  it  imparts  more  or  less  colour  to  these 
Ii(£uids  when  alcohol  or  water  is  present. 

Wlien  the  sample  is  well  agitated  with  dry  chloride  of  calcium 
to  remove  alcohol  and  water,  it  loses  the  power  of  dissolving  fuch- 
sine,  becoming  tmged  only  very  faintly  when  shaken  with  the 
dye. 

To  employ  the  above  facts  for  the  detennination  of  small  quan- 
tities of  alcohol  in  ether,  the  author  oi>erates  in  the  following 
manner  {AnaJyat^  ii.  97)  : — A  minute  quantity  of  jwwdered 
f uch8in(i  is  placed  in  a  narrow  test-tube,  1 0  c.c.  of  the  ether  added, 
the  tube  corked,  and  the  whole  agitated.  If  the  ether  be  pure  and 
anhyibous,  the  coloration  of  the  liquid  will  ha  almost  niL  If  the 
coloration  }>e  considerable,  10  c.c.  of  ether  which  has  been  treated 
with  chloride  of  calcium  is  placed  in  another  tul>e  of  the  same 
bore  as  the  first,  adding  fuchsine  as  before,  -j^th  c.c.  of  alcohol  is 
then  added  to  it  from  a  finely-divided  burette,  and  the  whole 
is  shaken.  If  this  (quantity  of  alcohol  1)0  insufficient  to  produce 
a  coloration  of  the  liquid  C(][ual  to  that  of  the  sample  to  be  tested, 
a  further  addition  of  alcohol  nmst  be  made  until  the  liquids  have 
the  same  depth  of  colour.  The  tint  is  best  observed  by  holding 
the  two  tubes  side  by  side  in  front  of  a  window  and  looking  through 
them  transversely.  The  use  of  a  piece  of  wet  filter-pai^er  behind 
them  facilitates  the  observation.  It  is  well  to  pennit  the  alcohol 
to  drop  right  bito  the  ether,  tind  not  allow  it  to  run  down  the 
sides  of  the  tube,  as  in  the  latter  case  it  will  dissolve  any  adherent 
jxirticles  of  fuchsine,  forming  a  solution  which  will  be  precipitated 
on  mixing  with  the  ether.  For  a  similar  reason  it  is  not  con- 
venient to  dilute  the  sample  with  pure  ether,  so  as  to  reduce  the 
colour  to  that  of  a  standard  tint.  Li  practice,  each  0*1  c.c.  of 
alcohol  added  from  the  burette  may  be  considered  as  indicating 
1  per  cent,  of  impurity  in  the  Simiple.  Of  course  tliis  assumption 
is  not  strictly  correct,  but  the  error  introduced  is  insignificant 
when  the  percentage  of  alcohol  is  small.  The  method  is .  very 
suitable  for  small  proportions  of  alcohol,  but  becomes  difficult  to 
apply  when  the  latter  exceeds  5  per  cent,  of  the  sample,  owing 
to  the  intensity  of  the  colour.  The  results  are  within  \  per  cent, 
of  the  truth.  Occasionally  the  tints  of  the  two  liquids  are  not 
readily  comparable,  but  on  placing  the  tubes  for  a  few  mhiutes  in 
cold  water,  this  difficulty  is  ov(;i*come.  It  has  been  pointed  out 
by  E.  R.  Squibb,  that  the  fuchsine  test  fails  to  detect  a  proportion  of 
alcohol  below  0'2  i)er  cent. ;  but  allows  the  recognition  of  very 
minute  traces  of  water  in  ether. 

283.  Ether  free  from  alcohol  is  soluble  in  eleven  times  its 
measure  of  water.     Agitation  with  water  extracts  any  alcohol  it 
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may  contain,  and  thus  diminishes  the  volume  of  the  ether.  The 
method  appears  very  unpromising  in  presence  of  much  alcohol,  but 
with  certain  precautions,  it  is  possessed  of  considerable  accuracy. 
The  following  are  the  details  of  the  procedure  the  author  has  found 
preferable  (Analyst,  ii.  98)  : — ^A  small  quantity  of  fuchsine  is  placed 
in  a  separator  or  Mohr's  bm-ette,  which  is  then  filled  with  water 
and  a  small  proportion  of  ether,  and  the  whole  agitated.  By  this 
means  a  coloured  etherised  water  is  obtained,  in  which  ether  is 
quite  insoluble,  while  alcohol  readily  dissolves.  10  c.c.  measure  of 
the  etherised  water  is  rim  into  a  glass  tube  holding  about  25  c.c, 
and  having  divisions  of  -j^  c.c,  10  cc  of  the  sample  of  ether  are 
next  added,  the  tube  corked,  and  the  whole  well  shaken.  On  the 
ether  rising  to  the  surface,  its  volume  can  be  easily  read  off.  Any 
reduction  in  its  volume  is  due  to  admixture  of  alcohol.  Thus 
each  O'l  cc  lost  represents  1  per  cent,  of  alcohol.  If  the  propor- 
tion of  alcohol  in  the  sample  does  not  exceed  20  per  cent.,  the 
ether  will  be  colourless,  and  the  result  of  the  experiment  wHl  be 
correct ;  but  if  the  proportion  of  alcohol  be  much  above  20  per 
cent.,  the  layer  of  ether  will  be  coloured,  and  the  result  below  the 
truth.  The  absence  of  colour,  therefore,  in  the  ethereal  layer, 
indicates  the  accuracy  of  the  experiment.  If  the  ether  be  coloured, 
an  accurate  result  can  still  be  obtained  by  adding  5  c.c.  of 
anhydrous  ether,  and  again  agitating.  It  is  better,  however,  to 
dilute  a  fresh  portion  of  the  sample  >nth  an  equal  bulk  of  pure 
ether,  and  use  the  diluted  sample  instead  of  the  original.  By  pro- 
ceeding in  this  manner  the  proportion  of  alcohol  in  mixtures  of 
that  liquid  with  ether  can  be  ascertained  within  1  or  2  per  cent, 
with  great  facility.  The  process  has  been  verified  up  to  60  jier 
cent,  of  alcohol. 

In  all  cases  the  proportion  of  alcohol  must  be  deduced  from  the 
reduction  in  the  volume  of  the  ether,  and  not  from  the  increase  in 
that  of  the  aqueous  liquid.  Care  must  be  taken  to  prevent  any 
volatilisation  of  the  ether. 

The  above  method  of  agitation  with  etherised  water  is  far  more 
rapid  and  generally  preferable  to  the  shaking  ^vith  glycerin  some- 
times recommended. 

284.  The  presence  of  more  objectionable  impurities  in  ether  is 
indicated  when  at  least  10  cc.  of  the  sample  is  allowed  to  evaporate 
spontaneously  on  ^ter-paper  contained  in  a  flat  dish,  and  the  odour 
of  the  "  tailings  "  is  carefully  observed. 

Some  specimens  of  commercial  ether  libemte  iodine  from  ix)tas- 
sium  iodide,  a  reaction  which  is  not  improbably  due  to  the  presence 
of  traces  of  ethyl  nitrite. 

285.  MethyliC  Ether.  (CH3)20.— Wien  methyl  alcohol  is 
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heated  witli  sulphuric  acid  it  yields  methylic  ether,  which  is  a 
gas  coiulensible  only  at  a  very  low  temperature,  and  the  solution  of 
which  in  ordinary  ether  possesses  remarkable  ansBsthetic  properties. 
Owing  to  the  extreme  volatility  of  methylic  ether,  ether  made 
from  methylated  spirit  would  be  practically  pure  ethylic  ether,  were 
it  not  for  the  presence  in  it  of  other  constituents  of  wood  spirit 
Ether  prepared  from  methylated  spirit  is  known  as  "  methylated 
ether." 

286.  "Spirit  of  Ether,"  B.P.,  is  a  solution  of  about  28  parts 
of  real  ether  in  72  of  rectified  spirit.  The  corresponding  prepara- 
tions of  the  German  and  United  States  Pharmacopoeias  contain 
respectively  23  J  and  22  per  cent,  of  ether. 

287.  COMFOXTND  ETHEBS. 

This  term  is  applied  to  the  products  obtained  when  acids  react 
on  alcohols  with  eb'mination  of  water,  as  in  the  cases  represented 
by  the  following  formulae  : — 

Acetic  add.  Ethyl  alcohol.  Acetate  of  ethyL 

Saccinic  acid.  Glycol  Ethylene  saccinate. 

Hydrochloric    Glycerin.  Trichloride 

acid.  of  glycyl. 

288.  Ethers  can  be  produced  in  various  ways,  but  the  following 
general  methods  may  be  specially  mentioned  : — 

1.  By  the  action  of  the  concentrated  acid  upon  the  anhydrous 
or  concentrated  alcohol  containing  the  radicle  of  wliich  an  ether  is 
desired. 

2.  By  distilling  the  alcohol  with  strong  sulphuric  acid  and  a  salt 
of  the  acid  the  radicle  of  wliich  is  to  be  introduced  into  the  ether. 

3.  By  dissolving  the  acid  in  the  alcohol  and  passing  hydro- 
chloric acid  gas  into  the  liquid. 

4.  By  reaction  between  the  iodide  of  the  alcohol  radicle  the 
ether  of  which  is  required  and  the  silver  salt  of  the  acid. 

In  many  respects  the  ethers  may  be  regarded  as  true  salts  of 
the  alcohol  radicles,  but  they  rarely  react  directly  with  the 
ordinary  tests  for  the  contained  acid  radicles. 

289.  As  a  class,  the  ethers  are  mostly  volatile  solids  or  liquids 


PROPERTIES  OF  COMPOUND   ETHERS. 


129 


having  little  solubility  in  water,  but  miscible  in  all  proportioiLS 
with  alcohol  and  ether.  They  are  frequently  split  up  into  the 
corresponding  acids  and  alcohols  by  distillation  with  water  (and 
especially  by  high-pressure  steani),  and  yield  the  alcohol  and  an 
alkaline  salt  when  treated  with  caustic  alkali. 

290.  The  following  is  a  tabular  list  of  the  chief  ethers  of 
imnaiamic  alcohol-radicles  of  which  practical  application  is 
made :  ^ — 


Formula. 

cn5.c,ii,o^ 

Bnilliifr 

p. -lilt 

•0. 

56-3 

Specific 

Oravlt\ 

Xtmc. 
ll«hyl  acetate,      . 

at  0"  C. 

atU'to 
18^  C. 

... 

•867 

„    «alic)l ;te, . 
„     chloride,    . 

('H3.CyUi0, 

CIIa,Cl 

222  • 
-23- 

•  •• 

•  •• 

118 

•  •• 

M  iodide    .    . 

cn,,i 

42-5 

•  •• 

2 -2:) 

••tlijlfiinnate,  .    . 

C;jHi,CII0, 

51-4 

•945 

•919 

1 

M    acetate,  .     . 

C^Us,C^UiOj 

74  3 

•  •• 

•908    ' 

M    btttyra'e, 

t'2Hj,C4lI;0s 

120- 

•902 

•  ■  ■ 

1 

<    ..    vol'jrate, 
i     »    pelarjfoua^c, 

CVliiCs'I.Oa 

134- 
228- 

... 

•  •• 

•8  :3 

'    II    benzoate,     . 
;     M    nitrite.    .    . 

<Vh,NO^ 

213- 

IS- 

•  •  • 

•  •  • 

lo.-.i 

"Ml 

1 

t.    nitrate,    .    . 
1.    chluilile, 

«n3 
i2.:i 

1132 
•021 

1 

...      ! 

II    bromide. 

C.H5,Br 

40  7 

1473 

1-419 

i>    Iodide,    . 

C^Hi.! 

71-(S 

1  070 

MKl 

I 

1  'R'vlarefate,  .     . 
»     bnyrate, 
„    Val.raUf, 

<'5"ii.^vH30, 
Ci'IiiiC^nyO,, 

1  iiiu.CaHpOj 

137- 
17«!- 

ia«?- 

•8S4 

•  •• 

•87»> 
•v.Vi 

,1    nitrite,    .    . 
M    chiurkle, 

CsII,„X()., 

101- 

•90! 

•8-i<J 

•.«77 
•S74 

„     l-Klidc,     .     . 

1  Cv,H,„l 

117- 

l-iCA 

... 



1 



. 

Other  Characters  and  Applicutluna. 


Readily  soluble  in  water;  prcrtcut  hi 
wootl  naphtha. 

See  vol.  11. 

Uiiseous  at  oi'dlnary  tcinperatnrct ; 
used  for  refrigerating  and  for  pro- 
ducing methyl-aniline  dyes. 

Turns  brown  in  thj  hght.  Aniline 
dyes. 

^)dour  of  peach-kernels;  used  for 
flavouring  arrack  and  rura. 

Fragrant  odour;  solvent  of  uiarphla; 
See  par.  296. 

Odour  of  pine-apples;  used  in  frult- 
cssences.  **  Kum-essence  "  Is  ob- 
tained by  distdllngsaponiticd  batter 
with  eulphurlc  acii  and  alcoliol. 

Odour  of  valerian. 

Odour  of  French  brandy;  used  for 
flavouring  factitious  winc:i. 

Fragrant  odour. 

Odour  of  apples ;  used  in  medicine  : 
sec  par.  316  et  teq. 

Sweet ;  hot  vapoui  i.i  exp'osiv  •. 

Hums  with  smoky  green-edged  flame, 
pioducing  llCl. 

Rums  with  difficulty,  giving  fi  ic 
green  flame  wliliout  buiuk.',  uiid 
izivlng  off  bromine. 

Turns  brown  In  the  light,  liberating 
IcNline.  Organic  research,  u  d 
aniline  dyes. 

Odour  of  j.irg'inelle  pears;  see  par.  3 17. 

Fragrant  odour. 

Odour  of  apples;  used  as  a  fru'.t- 
esscnce. 

I'scd  in  m.'diclnc:  see  par.  343. 

Itumit  with  luminous  green  flame 
producing  IICl. 

Faint  odour;  turns  brown  In  lig'it. 


From  the  above  table  it  will  be  seen  that  the  ethei-s  of  monatninir 
alcohol  radicles  fonn  a  very  extensive  and  interesting  series  tf 


^  In  addition  to  the  above,  the  salts  of  ethyl-sulphuric  and  ethyl-disulp'ic- 
carbonic  acids  are  employed,  and  are  described  in  8e]>aratc  sub-sections  in  pir. 
304  tt  teq. 

VOU  T.  I 
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bodies,  some  of  them,  as  the  nitrites  of  ethyl  and  amyl,  and  the 
acetate  of  ethyl,  being  employed  in  medicine,  some  in  perfumery, 
others  in  the  manufacture  of  coal-tar  dyes,  and  many  others  are 
used  for  compounding  artificial  fruit-essences.  The  more  im- 
portant, and  such  as  sometimes  require  chemical  examination,  are 
described  in  detail  in  separate  paragraphs  (296  et  seq.).  They  may 
generally  be  assayed  and  analysed  by  methods  similar  to  those 
employed  for  examining  ethyl  acetate.  Si)enn  oil,  spermaceti,  and 
the  waxes  have  also  the  constitution  of  ethers  of  monatonuc  alcohol 
radicles,  but  will  be  more  conveniently  considered  in  the  division 
on  "  Fixed  Oils  and  Fats." 

The  ethers  of  diatomic  alcohol  radicles  have  received 
few  practical  applications,  and  do  not  require  special  descrip- 
tion. 

The  ordinary  natural  fixed  oils  and  fats  may  be  regarde<l 
as  ethers,  of  the  triatoniic  alcohol-radicle  containing  g  1  y  c  y  1, 
C3H5'",  By  treatment  with  alkalies  or  high-pressure  steam  they 
yield  glycyl  alcohol  (glycerin)  and  stearic,  oleic,  or  other 
"  fatty  acid." 

The  detailed  consideration  of  the  fixed  oils  and  fats  may  be  con- 
veniently deferred,  as  they  form  a  true  natural  group,  and  do  not 
present  close  physical  analogies  to  the  salts  of  monatomic  alcohols, 
to  which  the  term  "  ether "  was  originally,  and  with  greater 
propriety,  applied. 

291.  A  general  process  for  the  analysis  of  compound  ethers  is 
based  on  their  reaction  with  alcoholic  potash  or  soda,  which  de- 
composes them  with  production  of  alcohol  and  formation  of  a  salt 
of  the  alkali-metal,  as  in  the  following  example  : — 

{^^d^4^i^i  +  ^HO  =  KC^HyOg + (C2H5)HO  . 

Ethyl  butsrrate.       Potassium        Potaiwluin  Ethyl  alcohol. 

hydrate.  butyrate. 

The  following  are  the  details  of  the  process,  which  is  practi- 
cally identical  with  that  of  Koettstorfer  for  the  examination  of 
fats : — 

A  volume  of  50  c.c.  (measured  with  the  greatest  attainable 
accuracy)  of  a  solution  containing  about  60  grammes  of  caustic 
potash  in  1  litre  of  pure  rectified  spirit  is  introduced  into  a  strong 
bottle  holding  about  100  c.c.^  A  quantity  of  the  ether,  weighing 
from  4  to  6  grammes,  is  then  added  in  such  a  manner  as  to  avoid 
loss.     The  ether  may  be  contained  in   a  small  glass  bulb,  or  a 

^  The  spirit  should  be  previously  distilled  with  addition  of  caustic  pota&h. 


^t,^MI^ 
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known  weight  of  tlir  eth^r  ilisaolved  in  ptiro  olcoliol  mnjr  hi< 
added  The  bottle  U  then  closed  with  un  iniliinniMior  iitfipiB'p 
which  is  to  1x1  finnly  sciriirtKl  hy  win*,  anil  in  next  iixjhmoI 
to  u  tempemture  of  about  100°  C.  for  half  lui  hour,  iiflcr  wliich 
it  IB  allowed  to  cool,  opened,  n  few  drupti  of  phmiol  plithidi'iii 
solution  added,  and  the  liquid  at  once  titmteii  willi  itsiulnnl 
solpburiu  or  hydrochloric  nciil.  A  blnnk  oxperinisnt  is  thmi  niiulH 
by  heating  50  cc  of  the  alcoholic  jioUieli  nlono  for  half  on  hour, 
and  titrating  with  acid  na  hefure.  Tlui  lUffrmu'K  UitwuMn  tlin 
measure  of  standard  acid  required  in  thu  lilank  i?x[MrriTui<nt,  and 
that  in  which  the  ether  was  jiresa-nl,  (,'iveK  tin.-  nieiuiuii'  uf  ov'mX 
corresponding  to  the  alkali  neutmliiwd  by  thn  ether.  Koi'li  cnliii: 
uentinii^tre  of  normal  acid  thus  employed  repronouta  O'0S6 1  |j;nunm'< 
of  KHO,  or,  in  other  wordu,  each  I  r,c  of  tliffireMf  IwtwKi^ii 
the  measure  of  the  acid  origiuully  inupkiycd,  URiI  llwt  uwul  in  tli" 
blank  experiment  represcnta  imrr  etpiitcdimt  in  mUli-jrajaiiuv  itl  tli>- 
ether  prwtent.' 

The  foregoing  method  of  d«iM>m  lowing  •'ther*  witli  alcoholic  alksJior- 
aolutions  often  fnmiditjs  vaJuibli-  tvidi-ur*  of  (he  purity  of  Ihr 
substances  examined.  Thu*  on  nliTtitcotary  comliu*tii>ti  wotdil 
scarcely  detect  10  per  cent,  uf  ethyl  aiouhol  in  irtfayl  acvtiitr,  iwf  of 
amyl  alcohol  in  amyl  acetate,  hot  the  alnrc  prouwa  would  itttViimtf 
tbe  hnjinrity  with  cotftinty. 

393.  After  AKamfom%  tfcr  fionpoaDd  etlwr  wttli  aUuJi  «« 
Above  dawrilwrf^  nrf  titaitiag  tli*  jtnimi*  vitfa '■toaiidd  aciiJ,  a 
fotlMr  knowledge  oflh!  vOmt  maj  W  vkdaia»d  in  tif  Idi'/wm/ 
BMai]>ex:^ThefaK  ^edMiagoiiidU  ly  dMUUu^  ir  ^nfMwi^ 
tag  tha  ifi^iljr  alUiae  bfaad.  Tlw  waidac  i*  l«HKi«d  wiili  au 
■moimt  «<  ■Jfiwrit  mid  bAf  ■>ii[M  fat  dovUy  iMOoliw  tiir 
alkali  <*iffadiy  aUed  (U^  U  «■««  tk  Motion  KUU+H^.- 


Oil!  ■  ily,  tfib  •qandcw  if  IW  ¥lm  awli 
•fit  fm^  m  Hm  qMMdtajr  ar  ftc  smi^  ||  ~ 
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KHSO^+lIjO),  and  the  liquid  is  distilled.  The  acid  of  the  ether 
will  be  liberated,  and,  if  volatile  without  decomposition,  will  pass 
more  or  less  i>erfectly  into  the  distillate,  where  it  may  be  further 
examined,  converted  into  a  bariiun  salt,  &c.^ 

293.  The  foregoing;  method  may  be  conveniently  employed  for  the 
iletemiination  of  chloroform  and  chloral  hydrate  when  in  alcoholic 
solution,  tlic  reactions  Ixjing  : — 

a.  With  chloroform :  4KHO  +  CHCl3  =  KCH02+3KCl+H^O. 

b.  With  chloral  hydraU^ :  5KHO  +  C2HClsO,H20  =  2KCH02+ 
3KCI+2H2O. 

The  first  reaction  requires  4  equivalents,  and  the  latter  5,  of 
alkali  Hence,  each  c.c.  of  difference  in  the  amounts  of  normal 
sulphuric  acid  required  will  represent  2  9 '9  milligrammes  of  chloro- 
form or  33*1  of  chloral  hydrate. 

294.  A.  Dui>r(^  has  applied  the  above  process  to  the  determina- 
tion of  .the  fixed  and  volatile  ethers  of  wine.  250  cc.  of  the  wine 
are  distilled  down  to  about  50,  and  the  distillate  made  up  to  250 
c.c  In  100  cc.  of  this,  the  free  volatile  acid  is  determined  by 
standard  alkali,  and  another  100  cc.  is  digested  with  a  known 
excess  of  decinormal  alcoholic  soda.  The  extent  to.  which  this  is 
neutralised  over  and  above  that  due  to  the  free  acid  represents  the 
volatile  ethers,  which  are  best  expressed  in  terms  of  acetic  ether. 
To  determine  the  fixed  ethers  (assumed  to  be  ethyl  tartrate),  250 
cc.  measure  of  the  wine  is  evai)orated  on  a  water-bath  to  about  40 
<-.c.^  The  residue  is  distilled  with  excess  of  caustic  alkali,  a  littl<» 
tannin  being  added  to  prevent  frothing.  The  distillate  contains 
the  alcohol  i)roduced  by  the  decomposition  of  the  tartaric  ether. 
It  is  rendered  slightly  acid  with  sulphuric  acid,  and  again  distiUeil, 
20  cc.  ])eing  driven  over.  The  alcohol  in  these  20  cc  may  bi^ 
(lotennined  by  the  density,  or  preferably  by  the  oxidation-nietho<l 
described  in  par.  161. 

295.  A  usefid  general  method  of  examining  comjwund  ethers 
was  devised  by  Chapman  and  Smith  (Jour.  Chetn.  Sue,,  xix. 
477).  It  is  based  on  the  fact  that  organic  lx)die8  when  oxidised 
in  a  sealed  tube  by  a  mixture  of  sulphuric  acid  and  acid  chromatid 
of  i)otassium,  yield  proximate  products  of  oxidation  closely  related 

>  It  must  be  remembered,  however,  that  if  hydrochloric  acid  were  used  in  tbe 
original  titration  more  or  less  of  it  will  apfiear  in  the  distillate,  unless  excess  of 
silver  sulphate  bo  added  to  the  contents   of  the  retort  before   distillation. 
Standard  sulphuric  may  be  substituted  for  the  hydrochloric  acid. 

»  With  wine  containing  much  sugar  the  residual  liquid  should  be  diluted, 
and  the  evaporation  repeated. 
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to  the  radicles  contained  in  tlieni.     Special  applications    of  this 
process  are  given  in  pars.  137,  151,  161,  273,  &c. 

Shortly,  the  process  consists  in  heating  a  known  weight  of  the 
>iubstance  in  a  sealed  tube  for  some  hours  with  an  aqueous  solution 
of  bichromate  of  i)otassium,  containing  from  3  to  8  per  cent,  of 
the  salt,  and  5  ^wirts  by  weight  of  concentrated  sulphuric  acid  to 
<^very  4  of  the  bichromate.  The  following  reactions  were  verified 
hy  the  authors  of  the  method  as  occurring  with  very  considerabh^ 
accuracy  : — 


Ethyl  alcohol, 
Amy!  alcohol, 
Ethyl  acetate. 
Amyl  acetate, 
Amyl  valerates 
Amyl  nitrite, 
Ethyl  nitrate, 
Ethyl  iodide, 
Isopropyl  iodide, 
Ethyl-amine, 


C,U,0  +  Oa 
CjHuO  +  Oa 
CgHj^CoHjOj  +  Oj 
C5Hii,C2H,02  +  Oj 
C5H1X,  C5H9O2  +  O2 
C5Hn,NO,  +  03 
CaH5,NO,  +  02 
2CJH5I  +  O5 
2CH,(aHa)I  +  On 


.     aH5,H,N  +  0o 
Ethyl-amyl-amine,  CgH j,  G5H1,,  HN  +  O^ 
Ethyl  benzoate,  .     CjHsjCyHgOj  +  Oa 


HCaHsOj  +  HA 
HCsHjG.  +  II.O. 

'2HC,HA- 
.HC,H30..  +  HC5H90,. 

^HCjHjO,. 

HCgHA  +  HNOs. 

HCjHjOa  +  HNOj. 

.  2HCaH80,  +  200,  +  SH^O  + 1^. 

HCgHsOa  +  NHj. 

HCjHjO,  +  HC5H  A  +  NHj. 
'  HCjHgOo  +  HCjHjOj. 


Compounds  containing  methyl  yield  formic  acid  by  oxidation, 
V>ut  the  greater  part  of  this  is  further  oxidised  to  carbonic  acid  and 
'^ater.  Messrs  Chapman  and  Smith  {Jour,  Chem.  Soc,  xx.  173) 
further  showed  that  the  process  was  cai)able  of  being  used  for 
investigating  the  structure  of  isomeric  bodies.  This  is  exemplified 
ill  the  equation  representing  the  oxidation  of  isopropyl  iodide. 

The  foregoing  methods  of  examining  ethers  are  of  such  general 
upplication,  that,  with  the  aid  of  the  table  on  page  129,  most  of  the 
ethers  in  common  use  may  be  readily  identified,  and  even  quanti- 
tatively determined.  The  assay  of  commercial  ethers  may  usually 
be  conducted  as  described  in  the  following  section  on  "Ethyl 
Acetate."  A  few,  however,  owing  to  their  special  properties  or 
great  individual  importance,  will  be  considered  in  separate  se(*- 
tions. 

296.  Ethyl  Acetate.     Acetic  Ether. 

French — Ether  aceticpie.     German — Essigiither. 


c,H,o,=c,H5,aH30,  =§"=■"  I  o=c 


Acetate   of  ethyl  is  best  prepared  by  distilling   dried  sodium 
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acetate  with  alcohol  and  sulphuric  acid^ ; — (C2H5)HO  +  NaCgHjO^ 
•   +  H2S0^  =  NaHSO^ + (C2H5)C2H802 + HjO. 

The  product  of  the  distillation  is  best  purified  from  alcohol  by 
agitation  with  a  saturated  solution  of  calcium  chloride,  and  sub- 
sequently dehydrated  by  contact  for  some  days  at  the  ordinary 
temperature  with  recently  ignited  ix)tassium  carbonate,  or  distilla- 
tion over  dried  acetate  of  sodium.  (The  use  of  solid  calcium 
chloride  for  dehydration  causes  considerable  loss  from  the  formation 
of  a  compound  with  the  ethyl  acetate,  decomjwsed  on  addition  of 
water.) 

297.  Ethyl  acetate  occurs  in  many  wines  and  in  wine- vinegar. 
It  is  produced  8i)ontaneou8ly  in  several  pharmaceutical  preparations, 
notably  in  the  tincture  of  ferric  acetate.  It  possesses  considerable 
solvent  j)owers,  and  is  esi)ecially  employed  for  extracting  morphine 
and  tannins  for  aqueous  liquids. 

298.  Pure  ethyl  acetate  is  a  colourless  liquid,  of  very  fragrant, 
agreeable  odour.  AVlien  pure  it  has  a  density  of  about  0*908  at 
15°  C,  and  boUs  at  73*5  to  74*3°  C.  Ethyl  acetate  is  misciblo  in 
all  proportions  with  alcohol,  ether,  and  chloroform,  but  is  only 
sparingly  soluble  in  water,  requiring  8  measures  at  0°,  or  9  at  15° 
C.  for  its  solution.  The  solubility  of  water  in  acetic  ether  is 
1  measure  in  26  at  0°,  and  1  in  24  at  15°  C.  In  a  saturated 
solution  of  calcium  chloride,  ethyl  acetate  is  but  very  slightly 
soluble,  requiring  47  measures  at  15°  C.  and  almost  as  large  a 
proportion  at  0°. 

299.  Commercial  Acetic  Ether  is  often  impure.  Li  a  series 
of  eight  samples  representing  the  products  of  most  of  the  leading 
makers,  W."  Inglis  Clark  found  proportions  of  real  ethyl  acetate 
ranging  from  90 '14  to  30 '6  per  cent.  ;  the  alcohol  from  7*2  to 
48*0  per  cent;  tlie  free  acetic  acid  from  a  trace  up  to  7*0  per 
cent. ;  while  the  "  water,  ether,  <fec.  *'  (estimated  by  difference) 
ranged  from  1*5  to  29*6  per  cent. 

300.  For  the  analysis  of  commercial  acetic  ether,  the  following 
process  gives  satisfactory  residts  : — 

Dissolve  5  c.c.  in  proof  spirit,^  add  a  few  drops  of  phenol- 
phthalein,  and  titrate  the  free  acetic  acid  by  decinormal  caustic 
soda.  Each  1  c.c.  of  decinonnal  soda  neutralised  represents  0*006 
gramme  of  CgH^Og  in  the  5  c.c.  of  sample  used. 

^  The  best  method  of  operating  has  been  fully  detailed  in  a  paper  by  W. 
Inglis  Clark  (Pharm.  Jaur.f  [3]  xiii.  777)j  wlio  has  also  placed  on  record 
much  other  valuable  information  on  acetic  ether. 

2  The  spirit  should  be  first  freed  from  traces  of  free  acid  by  adding  a  few- 
drops  of  phenol-phthalein,  and  then  dropping  in  dihitc;  alkali  till  a  faint  pink 
tint  i-emnins  after  shaking. 
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AM  tn  another  quantity  of  5  cc  of  the  sauijtle  tlie  aomc 
measure  of  decmonnal  hkIii  whicli  has  been  employed  in  the 
titration,  and  tlien  saponify  the  neutralised  li<]ui<]  l>y  nlooboUc 
potaah  08  descrilMHl  in  par.  291.  Each  1  v.c.  of  nonnid  alkali 
neutmlis«d  by  the  sample  represents  0"088  gnuunio  of  '•Ihyt  ae«tat« 
in  the  quantity  of  the  sample  used  ;  ur  0'046  of  olt'oho]  regener- 
ated from  the  ether. 

Treat  20  c.c.  of  the  sample  with  20  c.c.  of  water  and  about 
1 2  gnmtmiia  of  solid  caustic  potasli  in  a  flask  furnished  with  nn 
inverted  condenser.  After  digestiny  for  some  lime  at  the  ordinary 
tumperature,  heat  tlie  flask  to  100°  C-  for  about  two  hours,  add 
20  cc  of  water,  and  distil  over  exactly  50  c.c.  Ascertain  th« 
alcohol  in  the  distillate  by  calcidation  from  its  density,  diWde  the 
weight  so  found  by  4,  and  subtract  from  the  dividend  tJie  amount 
of  alcohol  derived  from  the  saponification  of  the  ether,  ns  ascer- 
tained in  the  manner  already  described.  The  difference  is  the 
actual  alcohol  present  in  5  c.c  of  the  sample. 

By  Bubtmcting  the  sum  of  the  Mciie  add,  ctliyl  acetate,  and 
alcohol,  found  as  aliove  from  the  weight  of  5  c.c.  of  the  sample, 
the  amount  of  "  lEOlfr,  ether,  ^r."  may  be  o-scertained. 

301.  A  very  simple  and  approximately  accurate  method  of 
ascertaining  the  proportion  of  real  ethyl  acetate  present  in  com- 
mercial acetic  ether  consists  in  agitating  10  c.c.  of  the  sample,  in 
a  graduated  tube,  with  an  equal  measure  of  a  saturated  solution  of 
chloride  of  calcium.  The  volume  of  the  layer  which  rises  to  the 
surface  is  tlie  quantity  of  ethyl  acetate  in  the  measure  of  the 
■ample  examined.  The  results  ore  fairly  accurate,  if  the  water 
and  alcohol  of  the  sample  do  not  together  much  exceed  20  per 
cunt,  by  measure,  but  with  larger  proportions  the  volume  of  ether 
which  separates  is  sometimes  notably  below  the  real  amount  of 
ethyl  acetate  present.  Tlie  error  may  be  avoided  in  some  measure 
by  adding  to  the  sample  twice  its  measure  of  acetic  ether  which 
has  been  previously  treated  with  calcium  chloride  solution.  20 
c.c.  of  the  fortifled  sample  shoidd  then  be  shaken  with  30  cc,  of 
calcium  chloride,  when  the  diminution  in  the  volume  of  the 
ethereal  layer  will  represent  the  measure  of  impurities  in  "=6"67 
u.c.  of  the  sample. 

The  foregoing  method  of  o])erating  is  due  to  W.  Inglis  Clark. 
Tho  employment  of  water  previously  saturated  with  washed  acetic 
other,  and  coloured  with  fuchsine  (see  par.  323}  does  not  give 
satisfactory  results.  (lioth  the  German  and  the  United  Stales 
Pharmoeopoaias  require  that  when  acetic  ether  is  shaken  up  vfith 
tin  equal  volume  of  water,  the  water  slioll  not  be  aogmenteii  more 
Uian  -^  of  its  original  volume.) 
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302.  The  specific  gravity  of  ethyl  acetate  is  not  a  satisfactory 
inilication  of  its  purity,  as  it  dissolves  alcohol,  ether,  and  chloro- 
form in  all  proportions,  and  may  he  diluted  with  spirit  of  approxi- 
mately the  same  density  as  the  pure  substance. 

303.  Acetic  ether  should  not  contain  more  than  a  trace  of  irei* 
acid,  and  should  be  entirely  volatile  without  residue. 

304.   Ethyl-Sulphates.    m',c^H5S'o,=^^4so,. 

The  elhyl-siUphates  or  "  sulphovinates  "  are  the  salts  of  ethyl- 
sulphuric  acid,  which  body  has  the  composition  of  an  ethyl- 
hydi-ogen  sulphate,  but  possesses  decided  acid  properties,  and  forms 
a  well-defined  series  of  salts.  Hence  it  might  with  equal  propriety 
l>e  considered  among  the  acid  derivatives  of  the  alcohols. 

305.  Ethyl-sulphuric  acid  is  produced  by  the  reaction  of  alcohol 
on  strong  sidphuric  acid,  thus: — C2H5,HO  +  H2SO^  =  C2H5,HS04 
+H2O.  The  change  is  much  facilitated  by  keeping  the  liquiil 
jit  a  temperature  of  100°  C.  for  24  hours.  The  less  water 
there  is  present,  the  more  perfect  the  change  ;  but  the  reaction 
is  always  far  from  complete.  If  the  temperature  be  raised 
much  above  100^  C,  ordinary  ether  is  produced,  and,  at 
higher  temperatures  still,  ethylene  and  other  products  ai<» 
formed. 

306.  From  the  crude  ethyl-sulphuric  acid,  obtained  as  above, 
iarunn  ethyl  sulphate  may  be  pre^mred  by  neutralising  the  pro- 
duct ^vith  carlwnate  of  ])arium,  filtering  oif  the  insoluble  barium 
sidphate,  and  evajwrating  the  filtrate  to  crystallisation.  The 
ralcmin  salt  may  Ixj  obtained  in  similar  manner,  and  the  lead  salt 
by  employing  litharge  instead  of  barium  carbonate. 

307.  Sodium  ethyl-sulphate,  XaCgH^SO^+H/),  may  1m» 
obtained  by  decomposing  one  of  the  above  salts  with  sodium 
ciirl>onate,  or  by  adding  powdered  carbonate  of  sodium  and  alcohol, 
or  alcoholic  solution  of  caustic  soda,  to  the  crude  acid,  filtering 
from  the  insoluble  sodium  sulphate,  and  evajxjrating  the  filtniti*. 
to  crystallisation. 

Sodium  ethyl-sidphate  (sidphovinate  of  sodium),  is  a  white 
crystalline  salt  of  faint  ethereal  odour,  and  cooling,  sweetish, 
somewhat  aromatic  taste,  verj'  deliquescent,  soluble  in  07  parts 
of  cold  water,  and  also  soluble  in  alcohol,  with  which  it  is  capabli* 
of  forming  a  crystalline  compound.  Sodium  ethyl -sulphate  is 
insoluble  in  ether.  It  has  been  employed  in  medicine  as  a  saline 
pui^gative.  At  86°  C.  sodium  ethyl-sulphate  melti?  and  becomes 
anhydrous;  at  120°  C.  it  decomposes,  evolving  alcohol  vajx^ur, 
and  leaving  acid  sulphate  of  sodium.  It  also  deconq^oses  si>ontane- 
ously  at  ordinai-y  temperatures,  especially  when  in  solution,  with 
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:€onuation  of  sodiuni  sulphate.  The  i)re8ence  of  a  little  free  alkali 
prevents  this  change.  The  conunercial  salt  is  liable  to  contain 
l)ariiuu,  calcium,  lead,  arsenic,  sidphates,  &c.  It  is  not  un- 
:frequently  contaminated  with  foreign  organic  matter.  When  pure 
dt  does  not  char  on  ignition.  It  has  been  adidterated  by  admix- 
'iure  with  sulphate  of  sodium,  and  has  been  replaced  by  ace  tat  (^ 
«of  barium.  The  Ifist  dangerous  substitution  would  at  once  be 
detected  by  adding  dilute  sulphuric  acid  to  the  aqueous  solution. 

308.  The  characters  of  the  e  t  h  y  1  -  s  u  1  p  h  a  t  e  s  are  sufii- 
^iently  indicated  by  the  above  description  of  the  sodium  salt. 
T^hey  are  soluble  in  water.  When  heated  with  dilute  sidphurir 
■aicid  they  evolve  alcohol,  and  with  strong  sulphuric  acid, 
« t  h  e  r.  With  sulphuric  acid  and  an  acetate  they  give  a  fragrant 
^our  of  acetic  ether.  The  same  result  is  obtained  by  simply 
lieating  together  an  acetate  and  sulphovinate. 

309.  Ethyl-Sulphuric  Acid,  HCoH^SO^,  may  be  obtained  in 
-a  state  of  purity  by  decomposmg  the  barium  salt  by  an  equivalent 
^amount  of  dilute  sulphuric  acid,  or  a  solution  of  ethyl-sulphate- 
^f  lead  by  sulphuretted  hydrogen.  On  concentrating  the  filtered 
iiquid,  sidphovinic  acid  is  obtained  as  a  limi)id,  oily,  very  sour, 
^mstable  liquid  of  1*31  sp.  gr.  It  is  miscible  with  water  and 
aUcohol  in  all  proportions,  but  it  is  insoluble  in  ether. 

310.   Ethyl  Disolpho-Carbonates ;    Xanthates. 

The  xanthates  are  the  salts  of  x  a  n  t  h  i  c  acid,  which,  though 
having  the  conq>osition  of  an  ether,  possesses  decided  acid  i)ro- 
jierties.  Hence,  it  ought  strictly  to  be  consideretl  among  the  acid 
derivatives  of  the  alcohols. 

311.  When  boiling  absolute  alcohol  is  saturated  with  pure 
caustic  potash,  and  carbon  disidphide  added  gradually  till  it  ceases 
to  be  dissolved,  or  the  liquid  becomes  neutral,  potassium 
xanthate  is  formed  according  to  the   equation  : — CgHgHO  + 

^KHO  +  CSg = KCgHgCOSg + HgO. 

On  cooling,  the  xanthate  of  potassium  crystallises  in  slender 
colourless  prisms,  which  must  be  pressed  between  blotting  paper 
and  dried  in  a  vacuum.  Potassium  xanthate  is  readily  soluble  in 
water  and  alcohol,  but  insoluble  in  ether.  On  exposure  to  air  it 
suffers  gradual  decomposition. 

312.  On  adding  dilute  sulphuric  or  hydrocldoric  acid  to  potas- 
sium xanthate,  x  a  n  t  h  i  c  acid,  HC3H5S2O,  is  liberated  as  a 
colourless,  heavy,  oily  liquid,  of  peculiar  and  powerful  odour  and 
astringent   bitter   taste.     It   is   very  combustible.     Xanthic    acid 
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reddens  litmus,  and  ultimately  bleaches  it  At  a  very  slight  rise 
of  temperature  it  undergoes  decomposition  into  alcohol  and  carbon 
disulphide.  Owing  to  this  property  the  xanthates  have  been  suc- 
cessfiUly  used  as  a  remedy  for  the  phylloxera,  which  attacks  the 
vine,  and  is  equally  efficacious  against  the  ravages  of  other  noxious 
insects.  The  xanthate  is  mixed  with  earth,  either  alone  or  together 
witli  suiKjrphosphate,  when  it  gradually  undergoes  decomposition 
witli  formation  of  carbon  disulphide. 

Xanthic  acid  possesses  powerful  antiseptic  properties. 

Xanthate  of  sodium  is  employed  to  effect  the  reduction  of 
ortho-nitrophenylpropiolic  acid  to  indigo-blue. 

When  warmed  with  nitric  acid,  xanthic  acid  and  xanthates 
evolve  an  odour  of  ethyl  nitrite. 

On  distillation,  the  xanthates  are  decomposed  with  formation 
of  009,082,1128,  and  a  peculiar  sulphuretted  oil,  while  a  metallic 
sulphide  and  carbon  remain  behind. 

313.  The  most  characteristic  reaction  of  xanthic  acid,  and  the 
one  from  which  it  derived  its  name,  is  that  produced  with  salts  of 
co])per.  On  adding  cupric  sulphate  to  a  neutral  solution  of  a 
xanthate  a  brownish  precipitate  of  cupric  xanthate  is  first  formed, 
which  (quickly  changes  to  bright  yellow  flocks  of  cuprous 
xanthate.  This  substance  is  insoluble  in  water  and  in  dilute 
iicids,  but  is  decomposed  by  strong  acids.  It  is  slightly  soluble 
in  alcoliol,  and  rather  more  so  in  carbon  disiUphide,  and  is  said  to 
be  insoluble  in  ammonia  It  is  not  sensibly  attacked  by  sulplnu*- 
otted  hydrogen,  but  is  instantly  decomposed  by  a  soluble  sulphide. 
The  formation  of  cuprous  xanthate  has  been  employed  for  detect- 
ing carbon  disulphide  in  coal-gas,  the  gas  being  passed  through 
iilcoholic  potash,  the  excess  of  alkali  neutralised  by  carbonic  or 
tartaric  acid,  the  insoluble  salt  removed  by  filtration,  and  the 
liquid  treated  with  sulphate  of  copper. 

314.  The  formation  of  cuprous  xanthate  has  also  been  proposed 
by  E.  A<  Grete  (Jour.  Chem,  Soc,  xxx.  551)  as  a  means  of  deter- 
mining copper  and  caustic  alkali,  and  has  been  applied  by  B. 
Nickels  to  the  detennination  of  carbon  disulphide  in  commercial 
benzols.  The  method  of  the  latter  chemist  is  essentially  an 
estimation  of  xanthate  by  a  standard  solution  of  copper. 

315.  Xanthates  may  also  be  estimated  by  titration  with  a 
standard  solution  of  iodine  (0.  Vincent,  Ann,  Chem,  Phys.^  [5] 
xxil  544),  or  by  oxidation  with  permanganate,  and  precipitation 
of  the  resultant  sulphate  by  barium  cliloride  (H.  L.  Greville,  Jour. 
Soc,  Chem,  Tnd.,  il  490). 

316.  Ethyl  Nitrite.  Nitrous  ether.  C2H,N02  =  52H5  |  o._ 


SPIRIT   OF  NITROUS   ETHER.  139 

Tills  substance  has  been  known  in  an  impure  state  for  a  long  time. 
It  inay  be  obtained  by  passing  the  red  vapours  of  nitrogen  trioxide 
(evolved  by  acting  on  starch  by  nitric  acid)  into  alcohol ;  by  dis- 
tillixig  nitrite  of  potassium  or  sodium  with  alcohol  and  sulphuric 
acid  ;  or  by  the  direct  action  of  nitric  acid  on  alcohol  In  the 
lasti  cajse  the  nitric  acid  is  reduced  by  a  portion  of  the  alcohol,  and 
the  nitrous  acid  so  formed  acts  on  the  remainder  to  form  ethyl 
nitrite.  A  considerable  quantity  of  aldehyde  results  from  the 
oxi<iation  of  the  alcohol,  so  that  the  ether  obtained  Ijy  this 
prc>ciess  is  lai^ely  contaminated.  This  reaction  may  be  avoided  in 
gr^ja^t  measure  by  adding  metallic  copper  to  the  contents  of  the 
retc>xt 

317.  Pure  nitrite  of  ethyl  is  a  nearly  colourless  liquid,  of  very 
fragrant  odour.  It  is  soluble  in  all  proportions  in  alcohol,  but 
recj^viires  forty-eight  parts  of  water  for  solution.  It  boils  at  18°  C, 
ancl  has  a  density  of  '947  at  15-5°  C.  (60°  F.).  It  is  liable  to 
deciompose  on  keeping,  especially  in  presence  of  water.  It  gives 
maxiy  of  the  ordinary  reactions  of  the  nitrites.  Thus,  when  mixed 
witli  a  little  dilute  sulphuric  acid,  and  poured  on  a  strong  aqueous 
sol^irtion  of  ferrous  s\ilphate,  it  develops  a  dark  brown  colour; 
^ti^^n  dissolved  in  alcohol,  and  treated  with  a  few  droj)s  of  dilute 
sulphuric  or  acetic  acid,  it  liberates  iodine  from  potassium  iodide, 
an^<i  therefore  the  mixture  produces  the  well-known  blue  colour  on 
«i<iition  of  starch. 

318.  Spirit  of  Nitrous  Ether. 

French, — Ether  azoteux  alcoolise.      Gertnan, — Versiisster 

salpetergeist. 

**  Spirit  of  Nitrous  Ether  ^ "  (sjdrittis  cetheris  nitrosiy  B.P.)  is 

*"^    present  official   name  of   a  preparation  consisting   essentially 

^'     a  solution  of  impure  ethyl  nitrite   in  rectified  spirit.     Spirit 

^^    nitrous  ether  is  the  modem  representative  of  the  old  "  Sweet 

The  literature  of  spirit  of  nitrous  ether  is  somewhat  extensive.  The 
following  is  a  list  of  references  to  it  in  comparatively  recent  volumes  of  the 
J'^^^rmaceuiieal  Journal : — 

^-  H.  Paul,  [8]  vii.  1071. 
^-  X  Rimmington,  [3]  viii.  341,  362, 
877 ;  X.  41,  220. 

J-  Williams,  [3]  viil  441,  453. 

^'  Smeeton,  [3]  x.  21. 

A.  Dupre,  [8]  x.  93. 

J.  Muter,  [3]  x.  94. 

W.  Pollard,  [3]  x.  100. 

J.  F.  Eykman,  [8]  xiii.  63. 

W.  H.  Symons,  [3]  xiv.  281. 


U.S.    and  German  Preparations,    [3] 

xiv.  101. 
1).  J.  Leech,  [3]  xiv.  322. 
A.   C.   Abraham,    [3]  xiv.   390,    876, 

915. 
P.  MacEwan,  [3]  xiv.  817,  826,  896, 

936. 
D.  B.  Dott,  [3]  xiv.   819,  826,  895; 

XV.,  200,  492,  592. 
T.  S.  Dymond,  [3]  xv.  101. 
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Spirit  of  Nitre"  (Sjnrttus  niiri  dtilcis,  P.L.  1745)  which  was  pre- 
pared by  distilling  together  rectified  spirit  and  nitric  acid  In  the 
London  Phanuacoixeia  of  1787,  it  is  called  Spiritus  JEiherit 
niiroifi,  which  name  was  nioditied  in  the  London  PharmacopoBia  oi 
1809  to  SinriUis  AUfheris  nttrici.  The  essential  nature  of  the^_ 
product  was  clearly  recognised  in  1809,  a  translation  of  the  Londoner 
Phamiucopoeia  of  that  date  containing  a  note  referring  to  th( 
brown  coloration  with  ferrous  sulphate,  and  to  the  difficulty  attend- 
ing the  separate  preparation  of  "  nitric  ether."  The  name  "  spirit 
of  nitric  etlier  "  was  retained  in  subsequent  London  PhamiacopoBias.^ 
including  the  last,  published  in  1851.  The  nearly  contemporarjgff::^':)' 
Dublin  Phannacopoeia  descrilied  it  as  i^piritus  (ethet'eus  nitrosiis^  ani  -J^  t^ 
<lirected  that  it  should  be  made  by  dissolving  previously  pre-?— = — ^'- 
pared  ethyl  nitrite  in  rectified  spirit  \Vliile  the  name  of  th^^  <' 
l>reparation  of  tlie  London  Pharmacopoeia  of  1851  clearly  indicates — 3*^ 
the  int<?nti()n  that  the  product  should  contain  ethyl  nitrite  o:^  ^^ 
nitrate  as  an  essential  constituent,  the  process  of  manufacture  pi 
scriljed  led  in  i)ractice  to  the  production  of  an  article  of  excee<l 
ingly  varialjb?  character.  The  reaction  was  of  a  very  comple: 
nature,  and,  even  in  experienced  hands,  the  product  someti] 
contained  only  a  comparatively  small  proportion  of  nitrous  ether-' 
while  the  amount  of  aldehyde  formed  by  the  oxidation  of  the  alcoho. 
was  considerable.  In  the  British  Phannacopoeia  of  1867,  the  naxm 
of  the  preparation  was  changinl  to  "  spirit  of  nitrous  ether."  Thi 
method  of  prc'paration  was  also  modified,  an  addition  of  metallic 
coi)per  being  directed  to  be  made  to  the  contents  of  the 
whereby   the    nitric   acid   is   largely   converted   into   nitrous  acid^^ 

which  then  acts  on  the  alcohol  with  formation  of  ethyl  nitrite • 

The  use  of  coi)per  prevents,  in  great   measure,  the  formation  o^^ 
aldehyde,  and  gives  a  distillate  richer  in  nitrous  ether  than  thaC:^ 
obtained  by  the  old  process.^ 

*  A  large  majority  of  i-cspectable  PharmacisLs,  when  asked  for  "  sweet  spirit: 
of  nitre,"  rccognlic  the  "spirit  of  nitrous  ether,  B.P."  as  the  modern  and 
official  representative  of  that  preparation,  and  supply  their  customers  with  it 
accordingly.     Some  firms  still  manufacture  an  article  of  the  nature  of  the 
** spirit  of  nitric  ether,  L.P.,"  and  sell  it  under  the  name  of  "sweet  spirit  of 
nitre,'*  and  an  article  of  a  density  of  '900  appears  on  the  price-lists  of  cortaiu 
wholesale  houses.     Such  a  practice  is  highly  objectionable,  as  a  preparation  of 
such  a  density  will  either  be  destitute  of  nitrous  ether  when  made,  or  will  very 
shortly  become  so.     Sweet  spirit  of  nitre  prepared   by  the  process  of  the 
London  Pharmacopoeia  of  1851  has  a  pleasanter  taste  than  the  B.P.  articlo, 
which  may  account  for  the  alleged  preference  of  the  public  for  the  former. 
It  is,  however,  asserted  that  many  medical  practitioners  prefer  the  Ij.P.  pn-- 
paration,  which,  if  true,  is  not  improbably  duo  to  their  being  asked  whether 
they  wish  to  be  served  with  "the  845  or  the  850  article,"  and  erroneously 
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319.  The  uliaractera  of  "spirit  of  nitrous  ether"  iipe  thus 
"lescrihed  iji  the  British  Phamiacoptfiia  of  1867; — "  Tmnapiirent 
nnd  nearly  colourless,  wiUi  a  voty  alight  tingo  of  yellow,  niobilo, 
iiiflamninble,  of  a  peculiar  penetrating  iLppl(i<lilco  oilour,  and 
sweetish,  cooling,  sharp  taste.  Specific  gravity,  0'845.  It  effer- 
vesces feebly,  or  not  at  all,  when  shaken  with  it  littlo  Iticarbonatc 
mf  soda.  When  imitated  with  solution  of  sulphate  of  iron  and  n 
f<MV  drops  of  flulphuric  ncid,  it  becomes  a  deep  olive-brown  or 
block.  If  it  be  agitated  with  twice  its  volume  of  saturated  solu- 
tion of  chloride  of  calcium  in  a  closed  tube,  2  per  cent  of  itn 
iiriginal  volume  will  separate  in  the  form  of  nitrous  ether,  and  rise 
1 1  the  surface  of  the  mixture."  In  later  reprints  of  the  British 
IliarmaeoiKfiia  of  1867,  the  words  "iin  ethei'eul  layer"  am  sub- 
stituted for  "  nitrous  etlier  "  in  the  lost  senteuca 

320.  The  spirit  of  nitrous  ether  of  the  German  PhniTnacopcBin 
tias  a  density  of  0'840  to  0'850,  while  the  U.S.  preparation  hon 
11  density  of  0*823  to  0'835,  and  is  described  as  containing  between 
4  and  5  percent,  of  ethyl  nitrite  (see  jmr  339). 

S21,  Spirit  of  nitrous  ether  is  a  liquid  of  verj'  conplex  com- 
position. Besides  the  ethyl  nitrite,  alcohol,  and  water 
\\'hich  may  he  regarded  as  its  normal  constituents,  it  usually  con- 
tains iddehyde,  and  probably  paraldehyde  and  etliyl  acetate  and 
nitmtc.  After  keeping,  sensible  quantities  of  free  nitrous  and  acetic 
acids  are  ileveloped,  and  other  changes  occur.  In  addition  to  tin- 
foregoing  constituents,  the  occurrence  of  which  is  generally  ad- 
mitted, accoftling  to  Eykman  (Pharm.  Jour.,  [3]  xiii.  63)  spirit  of 
iiitrotis  ether  is  also  liable  U>  contain  ethyl  oxide  (ether);  ethyl 
fonnate  and  oxalate ;  cyant^en  compounds ;  glyo.'tal ;  glyoxalic, 
oxalic,  malic,  and  saccharic  acids  ;  Ac' 

:i.itiumJiig  that  the  liighur  figurE  indicates  a  greater  streugtli  (coinWned  vritli 
tliu  ailvantage  of  a  lower  [irico). 

In  Cooley's  Cyclopiniia  of  PriKtiral  JUixipU  (siiith  eJitiou,  1880,  paga  15*5) 
it  is  sUted  that  mucli  of  the  ipirit  used  for  inakiug  awmt  Kinrit  uf  iijtii'  oT 
■850  specific  gravitj  ia  a  wusle  product  from  the  maimfacturo  of  fulmiuiitiuj; 
iiiercary,  and  aa  sacb  frujuently  contaiiut  no  iacontiiderabte  ([iiautity  of  hydro- 
I'jrauic  «i:id. 

'  To  this  formidable  list,  the  author  auggBsts  tlic  additiou.  as  a  posilblu 
coustitueat,  of  nilm-ftkaiie  (C,H,NO,  =  CHrH,C.KO.),  a  liodj  isomtric  witli 
vthjl  nitrite,  bat  having  a  density  of  1-058  and  boiling  at  IIT  to  113"  C. 

Although  the  ethyl  niliite  in  the  most  chawctoristic  conatitnant  of  apiiit  of 
iiilToua  ether,  anil  bII  the  ])rocea9ca  of  pretnration  and  testa  of  qoality  aim  at 
ubtnining  a  product  coat«iiiing  it  in  quantity,  it  is  suppoacd  by  some  that  the 
nitrite  of  ethyl  ia  not  the  only  eonatitneut  of  ralui!  iu  spirit  of  nitroua  ethor. 
There  appeara  to  be  little  foundation  tor  thia  view.  There  are  nvon  tlioae  who 
uontend  that  uitraiis  ether  is  not  an  casential  rooscituent  uf  I)id  LP.  iiropnii- 
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322.  The  composition  of  spirit  of  nitraiis  uUier  varies  TPiy 
uousiderably,  and  but  few  analyses  have  bucn  made  showing  Um 
proportioiM  even  of  tho  principal  components  (other  than  eUiji 
nitrite),  and  in  these  cases  the  determinations  have  not  been  i 
liy  unesceptioimble  methods.  The  following  analyses  by  F.  M, 
Kiinmington '  ore  tlie  most  complete  hitherto  publisheil  : — 
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The  following  analyses  are  by  P.  MacEwrm.^     Being  all  mule  by 

thi!  same  method,  they  are  interesting  as  showing  the  increase  is 
the  proiJortion  of  aldehyde  and  fi-ee  acids  hy  keeping,  but  some  i4 
the  figures  have  probably  mure  a  relative  than  an  absolute  vaJue: — 
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tion,  oa  tha  gtoand  that  it  may  In  so  nmde  as  tu  be  nearly  deslilDte  of  nittoa 
or  nitrii:  uompouuda.  Such  a  prodact  appears  lo  Iwar  the  rame  relatioB  to  a 
well-made  pnpuratioti  that  diseased  milk  docs  to  the  milk  fraiu  ahealtlvM*- 

'  Pharm.  Jour,,  [S]  i.  41.  la  thesu  aualyiiea  the  vtbyl  :ittiite  is  pmbaUj 
considerably  andEratated,  at  leaxt  in  the  case  of  tlie  first  two  aamplea.  b 
making  the  analysis,  the  nilnlc)  were  rednced  by  a  copper-zinc  couplg,  lod 
the  reaaltant  ammonia  distilled  oS  and  titrated  with  standnril  acid.  Tbe  fif 
acids  wem  determined  by  evaporating  10  l-.c  with  potassium  t^rbonate,  and 
separating  tlie  acetate  and  nitrite  in  tbe  residue  by  means  of  alcuhot  (making 
an  allowance  ofO-021  gramme  for  KNO,  dissolved  in  10  c,c  of  alcohol).  Tl» 
aldehyde  was  determined  by  treating  tho  sample  with  10  cc.  of  hydiogiui 
[leroiide.  mid  noting  the  increase  in  the  acidity.  The  akehot  was  dedooed 
from  the  density  of  the  Bam]jle,  and  tbe  waleT  (atinialcd  by  dilfcl-ence. 

■  Fharvi.  Jour.,  [a]xiT,  817.    In  these  anelysea,  Eytman's  method  {i 
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323.  The  U-ndency  of  spirit  of  nitrous  olhi'r  ami  kindnMl 
preparatioim  to  undergo  gradual  deterioration  with  dcetmetion  i<f 
the  nitrous  etlior  is  u  point  of  great  practiL-al  iiiiportaiiUL'.  Tlic 
exact  conditions  wliieh  facilitate  or  retonl  thi-  cjuuigu  am  not 
thoroughly  understood,  biit  it  is  estabtisht'd  beyond  doubt  that 
the  presence  of  excels  of  water  greatly  favours  the  dostniction  of 
the  nitrous  ether,  Heiice  adulteration  of  sweet  spirit  of  nitrp,  Ac, 
with  water,  a  practice  wliich  is  very  commoii,  not  only  dilutes  the 
preparatiun,  but  greatly  enhances  the  tcudcncy  of  the  nitrous  otlior 
to  undergo  decora (Kisition.  The  author  proved,  by  direct  eximri- 
ment,  that  a  sample  of  spirit  of  nitrous  ether  kept  [lerft'ctly  well 
for  very  many  months  when  undiluted,  but  the  samo  saiujilo  when 
mixed  with  one-third  of  its  measure  of  water  contained  ng  nitro,ua 
ether  whatever  aft<^r  an  interval  of  four  months.  In  those  experi- 
meiita  the  samples  were  kept  in  well-closed  bottles,  but  of  couno 
imperfect  closing  of  tho  bottle,  or  expoeuro  to  light  or  ttt  uxceiisivu 
temperature,  will  be  certain  to  l^all8e  loss  of  so  volatile  a  a^bstaIu^o 
as  is  the  nitrite  of  ethyl.*     On  the  other  hand,  a  solution  of  pure 

tnent  of  nitric  oxide,  |>ar.  331),  was  employed  for  cntjiuiiting  the  othjrl  nltrltr. 
The  fne  adds  were  oacerUinnl  by  titmting  in  HiiccsMion  with  methyl -ormnKa 
imd  phunol'phtbalem  aa  indicatora,  and  the  aldchyilu  vru  VBtimiitid  by  Throih'i 
i^olorimetrii:  method  (par.  394]. 

'  The  presence  of  water,  even  iu  moderate  proportion,  gmtly  iDcroulnii  tliu 
tendency  to  change,  and  the  urdioary  spirit  of  aitruiii  ether  being  of  unocrUin 
iitreuKth  and  vompoaidon,  Hr  John  Willixmi  hu  prD|ioeed  to  iiuhiitltutd  for  it 
D  Botutioo  of  pure  ethyt  nitrite  in  nine  or  nineteeu  tium  iti  woight  uf  ahuliite 
■Icohol.  Such  a  prepanitiuii  sppears  to  be  ronurkably  jMirinillent,  BliJ  If 
rectified  spirit  were  aubstitnted  for  the  abioliite  atooluil  the  nolalion  wonlil 
litill  be  very  stable,  but  an  fortunately  the«o  prepanlioim  are  nut  found  to  hstn 
tine  tlivaur  of  ordinary  spirit  of  nitrous  ether,  though  tho  dineroncu  may  bate 
been  largely  due  to  greater  concFntration  of  the  ■olutluii.  gliiillarly,  Hr 
Willianis  experimented  with  aldehyde,  the  Havour  uf  which  una  highly 
objectionable,  and  with  a  mixture  of  nldehyila  Dud  etlifl  *1iitrilo  UiMolvnil 
in  alcohol,  and  tuu  recently  suggeiteil  that  nweet  aplHt  al  ultru  may  euutaln 
the  polymer  of  aldehyde  known  m  paraldehyde,  which  U  i:\aui\j 
reaemhles  in  flavonr.  Paraldehyde,  hiiwertr,  i*  mure  aflatlrii  Iu  iiffiwt 
than  dinrstk-,  like  swoel  ijaril  of  nitre,  M  that  tfaa  atlong  praliablllly  la  that 
the  therapeutic  value  of  the  preparatiuu  really  Ilea  in  the  ethyl  ullril-\ 
and  poaaibly  in  the  nitrona  add  er  other  nitroiM  uomiimnula  whli'li  may  Ix 
present  Thia  view  ta  atrongly  endonml  hf  FnAomir  Hatlhaw  Jlajf,  wh'i 
writes^" With  t^aid  tt>  iLc  aweel  ajririt  of  nitre  my  <>|>lulfj[i  !■  Ilial  ll*  niual 
octire  ingiHlieDt  oogbt  to  be  the  nitrite  of  ethjl.  Tfaa  nltrll'  la  »']r  *ctl«« 
even  in  very  amall  qnastlty,  end  I  beUne  that  If  a  praparatlou  I'liuhl  U  oI'MIihiI 
oontoiuiog  a  ronatant  prapoitioo  of  tdlrlte  uf  athyl.  It  woulil  W  ■  graal  gain 
to  practical  pharmacy  and  to  tLnapanltata.  Tb*  uitnltolrlllly  uf  lii*  n'liiMnun 
fenu  «t  tt  Uaa,  1  brIlcTe,  Ici]  laoprly  in  'M«>t  TMra  to  ila  lUawM.     UmiiiH 
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nitrous  ether  in  absolute  alcohol  was  found  by  the  author  to  con 
tain  a  considerable  ])roportion  of  ethyl  nitrite,  and  mere  traces  of 
free  acid,  after  ]>eiiig  kept  for  fidly  seven  yeara 

324.  Analysis  of  Spirit  op  Nitrous  Ether. 

The  assay  of  S2)irit  of  nitrous  ether  is  somewhat  difficult,  on 
account  of  the  complex  character  of  the  preparation.^  Of  the  RP. 
Ujsts  (par.  319)  tlie  density,  Ixdiaviour  with  sodium  bicarbonate, 
and  reaction  with  ferrous  sulphate  in  presence  of  free  acid  are 

states  that  nitro-glycerinc  is  powerfully  diuretic,  and  I  have  shown  that  nitro 
{glycerine  is  (lecomiK>8cd  into  nitrite  in  blood,  hence  its  physiological  action— 
hence  diuresis."  The  subject  has  been  further  investigated  by  Dr  D.  J.  LeecL 
i  Practitioner f  October  1883),  who  writes  to  tlie  author  : — "  I  cannot  agree  with 
the  contention  of  the  drug  trade  that  the  medicinal  value  of  the  drug  is  not 
connected  with  the  nitrons  ether  it  contains."  ''After  trying  the  effects  oi 
the  various  individual  substances  which  spirit  of  nitrous  ether  contains,  I  can 
come  to  no  other  conclusion  than  that  the  nitrous  ether  is  the  chief,  if  not  the 
only,  active  ingredient."  **  We  have  carefully  analysed  in  our  pharmaceutical 
laboratory  (Owens  College,  Manchester),  samples  of  spirit  of  nitrons  ether 
prepared  in  various  ways,  and  although  we  found  traces  of  many  other  pro- 
ducts, such  as  nitric  ether,  aldehyde,  paraldehyde,  &c.,  still  of  none  of  these 
is  there  sufficient  to  act  medicinally." 

Professor  J.  Attfield,  again,  has  expressed  his  views  in  the  following  words 
(Pfiann.  Joitr.f  [3]  viii.  454) : — "He  did  not  disparage  the  use  of  so  ancient 
and  excellent  a  medicine  when  proi)erly  prepared  At  the  same  time  it  was 
well  known  that  many  medical  men  had  considered  that  sweet  spirit  of  nitre 
was  altogether  valueless.  The  reason  was,  doubtless,  that  some  samples  of  the 
iirticle  sent  into  pharmacy  for  the  use  of  medical  practitioners  had  been  little 
else  than  spirit  of  wine."  **Hc  himself  was  under  the  impression  that  the 
u<;tive  principle  of  sweet  spirit  of  nitre  was  the  nitrite  of  ethyl,  and  he  was  led 
1o  that  conclusion  mainly  by  the  researches  of  Dr  Richardson,  who  had  experi- 
mented largely  ujwn  the  nitrites." 

*  The  original  edition  of  the  British  Pharmacopceia  of  1867  stated  that  spirit 
of  nitrous  ether,  on  agitation  with  twice  its  measure  of  a  saturated  soliition  of 
calcium  chloride,  yielded  "2  per  cent,  of  its  original  volume  in  the  form  of 
nitrous  ether,"  but  Dr  Redwood  has  since  deprecated  this  statement  {Pftann, 
Jour.f  [3]  viii.  377,  455),  and,  on  his  recommendation,  the  reprints  of  the 
Ihitiuh  riiarmacopaiia  of  1867  stite  that  2  i>er  cent,  of  *' an  ethereal  layer" 
will  rise,  which  according  to  Dr  Redwood  represents  10  ^wr  cent,  of  ether  in 
ihe  original  liquid.  But  it  has  been  found  that  the  ethereal  layer  is  by  no 
means  jmre  nitrite  of  ethyl,  containing  as  it  does  a  proi)oi'tion  of  that  lK>dy 
variously  estimated,  but  admittedly  not  exceeding  50  per  cent.  Besides  the 
uncertainty  due  to  this  cause,  no  ethereal  layer  whatever  can  be  obtained  from 
Mimples  slightly  i>oorer  in  ethyl  nitrite  than  the  newly  made  15.  P.  spirit,  so 
that  the  test  is  worthless  even  as  a  rough  means  of  assaying  commei'ciul  spirit 
of  nitrous  ether.  It  may  be  applied  to  samples  giving  no  indication  in  their 
original  condition,  by  saturating  100  c.c.  of  the  liquid  with  dry  calcium  chloride, 
I'iitilling  off  20  c.c.  ut  a  j^entle  heat,  and  treating  the  distillate  with  twice  its 
i;unisure  of  a  saturated  i:clution  of  calcium  chloride. 
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aerviceable ;   but   tlie  test  with    solution    of  calcium    chloride    is 
worthless  and  absolutely  misleading. 

The  following  methods  are  the  most  satisfactory  of  the  many 
which  have  been  devised  for  the  examination  of  commercial  spirit 
of  nitrous  ether  : — 

325.  Water  can  be  estimated  with  sufficient  accuracy  by  taking 
the  density  of  the  sample.  The  B.P.  spirit  has  a  density  of 
0*845,  but  a  slightly  higher  density  may  be  tolerated.  If,  however, 
the  specific  gravity  of  the  sample  exceed  0*853,  the  presence  of  an 
excessive  proportion  of  water  may  be  considered  proved.  Com- 
mercial samples  of  sweet  spirit  of  nitre  are  sometimes  adulterated 
so  largely  with  water  as  to  bring  the  density  to  0*910  or  even 
higher,^  an  inferior  spirit  of  0*900  specific  gravity  being  sold 
wholesale.  A  density  of  0*845  corresponds,  according  to  the 
alcohol  tables  in  par.  156,  to  a  content  of  81*7  per  cent,  by  weight 
of  absolute  alcohol,  or  152*4  per  cent,  by  volume  of  proof  spirit. 
The  extent  to  which  a  sample  has  been  diluted  with  water  may 
bo  found  by  multiplying  the  percentage  of  proof  spirit  (as  found 
by  the  table)  by  the  factor  '656  (  =  -i^t^^)>  when  the  product 
will  be  the  percentage  by  volume  of  spirit  of  nitrous  ether  of  B.P. 
density  contained  in  the  sample.  To  find  the  percentage  by  mea- 
sure of  spirit  of  '850  density  originally  present,  the  percentage  of 
proof  spirit  in  the  sample  should  be  multiplied  by  *673  (  =  yi%^g)' 

The  nitrous  ether,  though  denser  than  alcohol,  is  present  in  too 
Bmall  a  proportion  to  afifect  sensibly  the  estimation  of  water  from 
the  density.  The  addition  of  water  to  sweet  spirit  of  nitre  is  a 
highly  reprehensible  practice,  for  it  not  only  reduces  the  immediate 
Btrength  and  medicinal  value  of  the  preparation,  but  also  renders 
it  far  more  liable  to  change,  owing  to  the  tendency  of  ethyl  nitrite 
to  undergo  decomposition  in  presence  of  water. 

326.  Free  Acid  will  be  indicated  by  the  reaction  with  litmus 
paper,  and  by  the  effervescence  occasioned  on  adding  bicarbonate  of 
Bodium  to  the  sample.  The  presence  of  notable  proportions  of 
free  acid  renders  spirit  of  nitrous  ether  incompatible  with  potas- 
sium iodide,  from  which  it  liberates  iodine.*     The  proportion  of 

^  The  author  recently  examined  a  sample  having  a  density  of  0'940,  which 
Was  very  naturally  devoid  of  nitrous  ether. 

'  A  sample  of  spirit  of  nitrous  ether,  which  gave  no  perceptible  effervescence 
with  sodium  bicarbonate,  liberated  a  considerable  amount  of  iodine  from 
potassium  iodide.  After  being  agitated  with  sodium  bicarbonate  and  left  in 
contact  with  the  salt  for  twenty-four  hours,  a  notable  quantity  of  iodine  was 
still  liberated  and  nitric  oxide  gas  evolved  ;  but  when  neutral  sodium  carbonate 
was  employed  instead  of  the  acid  carbonate,  mere  traces  of  iodine  and  gas  were 
Uberateil  on  addition  of  potassium  iodide. 

Vf)L.  I.  K 
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jicid  may  be  ascertained  by  titration  with  standard  alkali,  but,  as 
some  samples  of  sweet  spirit  of  nitre  contain  both  free  acetic  and 
free  nitrous  acid,  it  is  sometimes  of  interest  to  determine  them 
separately,  which  is  done  by  P.  MacEwan  in  the  following  manner : 
— 10  c.c.  measure  of  the  sample  is  placed  in  a  flask  in  which  a  drop 
i)f  phenol-phthalein  solution  lias  .been  previously  put,  and  two  or 
three  drops  of  methyl-orange  solution  are  next  added.  A  porcelain 
slab,  spotted  with  drops  of  methyl-orange  solution,  is  arranged  in 
reatliness.  A  semi-normal  solution  of  caustic  soda  (  =  20  grammes 
XaHO  per  litre)  is  then  rapidly  added  to  the  contents  of  the  flask, 
and  as  soon  as  the  red  colour  begins  to  fade,  a  drop  of  the  liquid 
is  removed  by  a  glass  rod  and  brought  in  contact  with  a  spot  of 
the  methyl-orange  on  the  plate.  If  the  spot  assume  a  pink  tint, 
the  nitrous  acid  is  not  quite  neutralised,  in  which  case  the  addi- 
tion of  the  alkali  solution  is  continued,  until,  on  re-testing,  a  spot 
of  methyl-orange  is  rendered  only  faintly  pink.  The  volume  of 
standard  alkali  used  is  then  noted,  and  the  titration  continued 
until  the  pink  tint  produced  by  the  phenol-phthalein  denotes 
alkalinity.  Each  cc.  of  semi-normal  alkali  first  used  represents 
0*0235  gramme  of  nitrous  acid  (HNOg),  while  each  c.c.  of  the 
iwlditional  alkali  requisite  to  produce  the  phenol-phthalein  reaction 
corresponds  to  '0300  gramme  of  acetic  acid  (HCgHjOj).  The 
process  is  approximate  only. 

327.  Aldehyde  will  be  indicated  by  the  bro^vn  coloration  pro- 
duced on  heating  the  sample  with  caustic  potash.  A  sample  free 
from  an  excessive  proportion  of  aldehyde,  when  treated  at  the 
ordinary  temperature  with  half  its  volume  of  a  dilute  solution  of 
(caustic  potash,  assumes  a  yellow  coloiu*,  which  gradually  deepens 
but  does  not  become  brown  in  twelve  hours. 

For  the  determination  of  aldehyde,  F.  Rimmington  treats  the 
sample  with  hydrogen  peroxide,  and  ascertains  by  titration  the 
amoimt  of  (acetic)  acid  over  that  previously  present.  A  preferable 
method  is  to  treat  5  or  10  c.c.  of  the  spirit  by  Thresh's  colon- 
metric  method,  as  descril)ed  in  par.  394. 

The  proportion  of  aldehyde  present  in  preparations  made  by  the 
old  processes  is  much  larger  than  in  the  "spirit  of  nitrous  ether,  B.P." 

328.  Efhi/I  Chloride  and  other  chloHnated  Imdies  may  be  detected 
l)y  igniting  a  little  of  the  samj^le  in  a  porcelain  basin,  and  holding 
a  beaker  moistened  with  nitrate  of  silver  solution  over  the  flame. 
If  chloride  of  silver  be  formed,  the  sample  may  be  evaporated 
with  pure  caustic  soda  and  the  chloride  in  the  residue  detennined, 

329.  Ethyl  Nitrite  may  be  detectetl  by  the  brown  coloration 
produced  by  adding  ferrous  sulphate  to  an  acidulated  solution  of 
the  sample  of  spirit.     Of  various  ways  of  making  tlu*  test,  the 
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author  has  found  the  following  mode  of  operatmg  to  be  the  most 
«Ielicate  and  reliable  : — 10  c.c.  of  the  spirit  is  mixed  with  5  c.c'  of 
n  strong  aqueous  solution  of  ferrous  sulphate.  Pure,  concentrated 
sulphuric  acid  should  next  be  poured  down  the  side  of  the  test- 
tiube  in  such  a  manner  as  to  form  a  distinct  stratum  under  the 
spirituous  mixture.  A  brown  zone  will  thereupon  be  produced  at 
the  junction  of  the  two  layers,  the  intensity  of  which  is  an  indication 
of  the  strength  of  the  sample  in  nitrous  ether.  With  good  samples, 
the  coloration  is  increased  and  extended  by  causing  the  layers  to 
l)ecome  partially  mixed,  but  with  inferior  specimens  the  brown 
colour  is  more  or  less  destroyed  by  such  treatment.^ 

330.  W.  H.  Symons  proposes  to  obtain  rough  quantitative 
i-esults  by  dissolving  1  part  of  ferrous  sulphate  in  5  of  dilute  sul- 
jihuric  acid,  and  adding  to  10  c.c.  of  this  solution  1  c.c.  of  the 
sample  to  be  tested.  The  coloration  produced  is  compared  with 
that  yielded  by  a  standard  specimen  or  a  solution  of  a  nitrite. 

331.  The  process  of  J.  F.  Eykman  for  assaying  spirit  of 
nitrous  ether  is  practically  a  quantitative  application  of  the  iron 
reaction,  but,  instead  of  relying  on  the  depth  of  the  brown  colora- 
tion, the  nitric  oxide  gas  evolved  is  collected  and  measured. 
Eykman's  process  has  given  excellent  results  in  the  hands  of 
I*.  MacEwan  and  F.  S.  Dymond.^  Their  reports  have  been  con- 
firmed in  the  main  by  an  extensive  experience  of  its  capabilities  in 
tlie  writer's  own  laboratory,  where  the  accuracy  of  the  process  has 
liecn  fidly  verified  when  a  known  quantity  of  pure  sodium  nitrite  is 
employed.  With  solutions  of  ethyl  nitrite  several  sources  of  error 
^xist,  which  tend  to  cause  tlic  method  to  give  resiUts  somewlmt 
l:>elow  the  truth.  The  foUowmg  is  the  mode  of  operating  the  author 
lias  found  preferable,  and  it  must  be  strictly  followed  to  ensure 
results  having  the  nearest  approach  to  accuracy : — 

To    a    small,    round-bottomed,    tubulated   flask    (A,   fig.    9)    is 

adapted   a  well-fitting   mbber   stopper,   through  which    passes   a 

narrow  glass  tube  B,  which  extends  nearly  to  the  bottom  of  the 

flask,  the  end  being  drawn  out  to  a  ix)int  and  turned  up,  so  as  to 

prevent  any  gas  from  entering.*     Outside  the  flask  the  tube  is  bent 

^  Some  samples  of  spirit  of  nitrous  ether  give  a  brown  coloration  with  the 
ferrous  solution  alone,  a  reaction  which  might  be  attributed  to  free  nitrous 
add.  A  sample  which  had  been  thoroughly  agitated  with  neutral  sodium  car- 
bonate gave  no  immediate  reaction  with  ferrous  sulphate  solution,  but  in  the 
conrse  of  a  few  minutes  a  strong  brown  colour  was  developed. 

'  D.  B.  Dott  has  confirmed  the  general  accuracy  of  the  process,  and  has 
found  the  results  very  constant,  even  when  the  conditions  of  the  experiment 
sre  varied. 

'  The  side* tube  at  the  flask  should  be  situated  only  just  below  the  rubber- 
stopper,  and  not  strictly  as  represented  in  the  figure. 
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over  and  connected  by  an  india-rubber  joint  with  a  narrow  vertical 
tube  C,  the  lower  end  of  which  is  drawn  out  to  a  point  and 
arranged  to  reach  nearly  to  the  bottom  of  a  conical  glass  D.  The 
side-tube  E  of  the  flask  is  connected  by  a  few  inches  of  india- 
rubber  F  with  the  stoi)per  of  a  Lunge's  nitrometer  G.  Tlie 
nitrometer  is  filled  with  solution  of  soda  of  about  1*10  specific 
gravity,  which  should  be  previously  freed  from  dissolved  oxygen 


Fig.  9. 

by  agitating  it  jwith  a  little  ferrous  sulphate,  and  allowing  the 
precipitated  oxide  of  iron  to  subside.  A  solution  of  ferrous  sul- 
phate is  prepared-  by  dissolving  100  grammes  of  the  powdered 
crj'stallised  salt  in  500  c.c.  of  water,  and  adding  0'5  ac.  of  strong 
sulphuric  acid.  A  dilute  sulphuric  acid  is  prepared  by  diluting 
one  volume  of  the  strong  acid  (free  from  nitrous  compounds)  with 
three  measures  of  water. 

In  commencing  an  experiment,  about  30  c.c.  of  the  iron  solution 
should  be  poured  into  the  flask,  and  the  india-rubber  cork  well 
wetted  and  adjusted  firmly  in  the  neck.  The  flask  is  then  con- 
nected with  the  nitrometer,  the  tap  of  the  latter  being  closed  and 
a  small  quantity  of  soda  solution  being  contained  in  the  cup.  The 
tube  C  is  inmiersed  in  the  solution  of  iron  contained  in  the  glass  D, 
and  the  screw-clip  at  H  is  open.  The  flask  is  then  wanned  tt^ 
expel  some  of  the  air  through  C,  when  the  source  of  heat  is 
removed,  and  about  30  cc.  of  iron  solution  is  allowed  to  enter  the 
flask,  when  the  clip  at  E  is  firmly  closed.  The  contents  of  the 
flask  are  then  heated  to  boiling,  and  when  the  india-rubber  at  F 
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shows  signs  of  internal  proseure,  the  tap  G  is  opouoil,  and  the 
mr  from  the  flask  allowed  to  liuhble  out  tlirough  the  sodu  contained 
in  tlie  cnp  of  the  nitrometer.  When  the  Bir  is  thownighly  expieUed 
the  tap  G  1)1  cloBed,  the  source  of  heat  is  removed,  and  the  tontenta 
ijf  the  flask  allowed  to  become  quite  cool.  From  5  to  10  cc.  of  the 
snmple  (according  to  its  strength)  is  then  placed  in  the  coniuil  glass, 
arid  diluted  with  10  to  20  cc.  of  water  containing  1  or^  grammes 
of  conmion  salt.  The  clip  F  is  then  eautioitsly  opened,  and 
the  vacuous  liqiud  allowed  to  flow  into  the  flask  until  the  orifice 
of  tile  tube  C  is  only  just  covered.  A  little  iron  solution  is 
then  poured  into  the  conical  glass  together  with  5  v.c  of  the 
dilute  sulphuric  acid,  and  this  in  its  turn  allowed  to  enter  the 
flask.  This  is  re{>eated  imtil  Uie  liquid  in  the  glass  and  tube 
is  no  longer  coloured  brown,  care  being  taken  not  to  allow  any  air 
to  pass  iuto  the  flask.  The  clip  at  H  is  then  permanently  closwl 
aud  the  contents  of  the  flask  heated  to  boiling.  As  soon  as  the 
iiidia-nibbor  connection  with  the  nitronioter  shows  signs  of  pre«- 
sure,  the  tap  G  is  turned  so  as  to  open  communication  between  the 
nask  and  the  graduated  tube  of  the  nitrometer  K,  when  the  nitric 
ojtide  gas  produced  by  the  reaction  passes  into  K  aud  is  there  col- 
lected. Tlie  process  is  stopped^aa  soon  as  the  contents  of  the  flask 
ore  no  longer  brown,  the  tap  G  being  closed  and  the  clip  at  H 
simultaneously  opened,  when  the  liquid  in  the  flask  is  forced  back 
into  A  aud  the  apparatus  is  in  order  for  another  experiment.' 
j\fter  standing  half  an  hour  to  acquire  the  temperature  of  the  air, 

'  Althoagli  the  nia.nipii]stioD  iayolved  in  the  process  is  difficult  to  doacnbi', 
a  I  is  very  simfile  in  [irantice,  and  when  everything  is  ready  the  whole  operation 
*3o«s  not  occupy  more  than  lifteen  minutes.  Care  must  be  taken  to  open 
and  close  the  tap  and  clip  st  the  right  moment,  and  to  avoid  the  introdliction 
^  any  oir  by  leakage  or  Tatilty  manipaktion.  lo  the  original  apparatOH 
Amployed  by  Eykmnn  the  gaa  is  collected  in  a  graduated  tube  arranged  over  n 
glass  basin  cantaining  soda  aoUitiau,  but  the  use  of  a  nitrometer  fumiahed 
^th  a  thiee-way  tap  is  a,  decided  improvement,  in  the  opinion  of  the  author, 
'thongh  many  operators  may  prefer  to  adhere  to  the  original  arrangement 
AecordiDg  to  Eykman's  original  inatmctions  the  aample  is  to  be  miied  with  the 
■uid  and  ferrous  siUphate  solution  before  introducing  it  into  the  flask,  hut  this 
procedure  seems  liable  to  oc<^asiou  loss  of  gas  from  strong  samples.  If  the 
lipoid  in  the  flask  benot  tolerably  coo!  whan  the  solution  of  the  ether  it  allowed 
to  enter,  some  of  the  ethyl  nitrite  may  be  voktiljaed  undecomposed.  The 
inBtruction  to  add  some  sodium  chloride  is  not  in  accordance  with  the  praoticB 
of  Eykmau,  hnt  it  adds  mslerially  to  the  accuracy  of  the  process,  in  the  experi- 
ence of  the  writer,  It  is  important  to  conclude  the  operation  as  soon  as  the 
conlonts  of  the  flask  no  longer  hava  a  brown  colour,  and  tlie  steam  has  driven 
the  nitric  osido  into  the  nitrometer- tube.  In  the  case  of  strong  samples  the 
measure  of  reagonlfl  employed  should  be  inereased.  1 
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the  volume  of  gas  in  the  nitrometer  is  observed,  care  being  pre- 
viously taken  to  adjust  the  level  of  the  liquid  in  K  with  that 
in  the  open  limb  L.  After  reading  off  the  volume  of  gas  it  is 
allowed  to  escape  into  the  cup,  when  the  nitrometer  is  ready  U» 
receive  the  gas  evolved  in  another  experiment. 

332.  The  folloAving  is  the  reaction  occurring  in  the  foregoing 
process  :-?2C2H5N02  +  2FeSO^  +  H^SO^  =  'Pe^iSO^)^  +  2C2H<jO 
+  2N0.  Thus,  75  parts  by  weight  of  ethyl  nitrite  evolve  30  of 
nitric  oxide  gas. 

333.  From  the  volume  of  nitric  oxide  obtained,  the  percentage 
of  ethyl  nitrite  in  the  sample  employed  can  be  calciUated  by  the 
following  formula,  in  which  v  represents  the  number  of  cubic 
centimetres  of  gas  obtained  ;  j),  the  barometric  pressure  in  miUi- 
metres ;  e,  the  tension  of  aqueous  vapour  at  the  temperature  at 
which  the  gas  is  measured  ;  d,  the  density  of  the  sample  (water  =  1) ; 
7/,  the  number  of  c.c.  employed  ;  and  t  the  temperature  in  centi- 
grade degrees : — 

ENOo  =  -^-  X  ^-"1-  X  0-1207. 
-     dX7i     273+/ 

When  strictly  accurate  results  are  not  reqidred,  the  corrections 
for  pressure,  temperature,  and  tension  of  aqueous  vapour  may 
be  omitted,  and  the  calculation  much  simplified.  Thus,  if  the 
volume  of  0*030  gramme  of  nitric  oxide  (representing  0*075 
gramme  of  CgHgNOo)  under  the  ordinary  conditions  of  pressure 
and  temj)erature  be  taken  at  23*55  c.c,  then 

volume,  of  «m  In  c.c.  x0'3184  ««w«.««.o«.«  »,«  w«i<,>.*  ^t  r  vt  vn 
-— — - — =percentage  by  weight  of  CjU^NOj  . 

measure  of  sample  in  c.c.  x  density  of  aample 

334.  Eykman*s  process  has  a  tendency  to  give  results  with 
ethyl  nitrite  sensibly  below  the  truth,  partly,  no  doubt,  from 
incomplete  reaction,  but  also  owing  to  the  solubility  of  nitric  oxide 
in  aqueous  liquids.  The  loss  from  the  latter  cause  is  reduced  to  a 
minimum  if  a  nitrometer  be  employed  as  recommended,  instead  of 
the  gas  being  caused  to  bubble  up  through  a  solution  of  soda. 
Probably  still  closer  results  might  be  obtained  by  satimiting  the 
soda  solution  with  common  salt. 

335.  Instead  of  reducing  the  ethyl  nitrite  by  means  of  ferrous 
sulphate,  a  solution  of  potassium  iodide  may  be  employed  for  the 
purpose.  In  this  case  the  reaction  takes  place  at  the  ordinaiy 
temperature,  and  the  manipulation  is  greatly  simplified,  A  nitro- 
meter should  be  filled  with  strong  brine.  5  c.c.  of  the  sample  to 
be  tested  should  then  be  ])laced  in  the  cup  of  the  nitrometer,  and 
allowed  to  enter  through  the  tap,  taking  care  that  no  air  gets  in 
at  the  same  time.     5  c.c.  of  a  strong  solution  of  potassium  iodide  is 
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:iiext  allowed  to  enter,  and  this  is  followed  by  about  5  c.c.  of  dilute 

aiulphuric  acid.     Efifervescence  immetliately  ensues,  and  if  the  tube 

Ije  vigorously  agitated  at  intervals,  the  reaction  is  complete  in  five 

tx)  ten  minutes,  when  the  level  of  the  liquid  in  the  two  limbs  of  the 

nitrometer  is  adjusted,  and  the  volume  of  nitric  oxide  gas  read  off. 

If  the  volume  of  gas  evolved  be  small,  another  5  c.c.   of  the 

£$ample  should  be  let  into  the  nitrometer,  and  the  agitation  repeated. 

The  calcidation  is  the  same  as  in  Eyk man's  process,  the  reaction 

Ijeing  (C2H5)N02 + KI  +  HaSO^  =  (C2H5)OH + KHSO4  + 1 + NO.^ 

^ith    most   specimens    of  sweet   spirit  of  nitre,    a   considerable 

amount  of  nitric  oxide  is  proiluced  (and  iodine  liberated)  before 

bidding  the  acid,  the  reaction  probably  depending  on  the  presence 

of   free    acid   in  the   sample  (see  footnote   on   page  145).     The 

Jesuits  obtained  in  the  nitrometer  are  remarkably  constant,  and  the 

method  furnishes  a  very  easy  means  of  assaying  sweet  spirit  of 

xutre  with  considerable  accuracy ,2  which  is  further  increased  if  u 

correction  of  1*5  c.c.  (  =  0'0048  gramme  of  C2H5NO2)  be  made  for 

colubility  of  the  gas. 

^  The  method  described  iu  the  test  has  not  been  published  up  to  the  time 

«f  going  to  press.     It  suggested  itself  to  the  author  as  an  improvement  on  the 

process  of  D.  B.  Dott  (see  par.  336).     It  has  been  proved  to  give  very  good 

'Tisalts  with  pure  sodium  nitrite  (prepared  from  silver  nitrite)  employed  in 

known  amount     The  results  with  spirit  of  nitrous  ether  are  somewhat  higher 

than  those  given  by  Eykman's  method,  the  difference  being  least  when  sodium 

chloride  is  employed  in  the  latter  process  and  time  given  for  the  ferrous  solution 

"to  react  thoroughly  on  the  solution  of  ethyl  nitrite.     The  results  by  the  iodide 

method  are  almost  certainly  more  accurate  than  those  by  Eykman's  process. 

*  The  process  has  the  advantage  of  great  e&se  and  rapidity,  and  actually 
measures  the  nitrous  compounds  present  in  the  sample,  instead  of  leaving  their 
proportion  to  be  inferred  from  a  more  pr  less  complex  reaction,  such  as  the 
redaction  of  permanganate.  &c.  The  following  results  were  obtained  by  the 
author  from  five  typical  samples.  No  correction  was  made  for  pressure  or  solu- 
bility, the  figures  representing  the  actual  volumes  of  gas  measured  at  about  15**  C 


I.  25*/,  Solation  in  Abaolote  Alcohol 

ftwo  months  old),    .        .     *  . 
!.  spt.  NitrouB  Ether,  B.  P.  (two  months 

old) 

9.  Spt.  Nitrous  Ether,  B.P.  (age  nn- 

known), 

4.  •  •  Spt.  iEther  N  It.  -850  "  (new), 

'».  "Sp.  iEther  Nit.  Dulc.  -900"  (new), 


Volume  of 
NO  from  5  c.c. 

Weight  of 
NO  from  5  c.c. 

c.c. 

milligrammes. 

29  0  (from  0-5  c.c.) 

923-6 

89-4 

50-4 

C,H.N0, 
per  cent. 


27-0 
14-7 
22-0 


34-6 

18-8 
28-2 


2202 

2-98 

2-63 
110 
1-5G 


Ko.  1  was  prepared  by  Mr  J.  WUliAms  by  dissolving  1  part  by  weight  of  carefully  purified 
ethyl  nitrite  in  3  porta  by  weight  of  absolute  alcohol.    The  density  wa;»  0-8387. 
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336.  D.  R  D  o  1 1  (Pharm.  Jmr.^  [3]  xt.  492)  ha«  proposed  to 
tlt>tennine  ethyl  nitrite  by  treating  the  liquid  with  an  acidolated 
s«»hition  of  potassium  ioilide,  and  ascertaining  the  iodine  set  free 
by  titratii>n  with  a  standard  evolution  of  sodium  thiofiulphate.  If 
the  treatment  with  potassium  iodide  be  effected  in  an  open  basin 
in  p!^j«ence  of  air,  the  amount  of  nitrite  found  is  Ifable  to  be 
seriously  in  em-^r,  but  if  air  be  excluded  Dott's  method  gives  fair 
approximate  residts,  somewhat  in  excess  of  the  truth.  The  process 
ran  be  advantageously  employed  on  the  solution  which  has  already 
been  decompose<i  with  potassium  iodide  in  the  nitrometer.  The 
nitric  oxi«le  is  .allowed  to  escape  into  the  air,  and  the  brown  liquid 
is  washe<l  into  a  l>asin  and  at  once  titrated  with  decinormal  tiiio> 
sulphate.  1  c.c.  of  this  solution  (containing  15*8  grammes  of 
Na^SoOj  per  litn»)  will  react  with  the  iodine  liberated  by  "0075 
ptimmes  of  ethyl  nitrite.^ 

A  useful  approximate  estimation  of  the  nitrous  compounds  in 
sj^irit  of  nitn>us  ether  may  lie  made  by  comparing  the  depth  of 
the  colour  develo]x?d  on  adding  an  acidulated  solution  of  potassium 
ioilide  to  a  known  niea.<ure  of  the  sample  with  tliat  of  a  standard 
.solution  of  ioiline  in  potiissium  iodide.  Five  or  ten  drops  of  the 
sample  should  Ix?  placeil  in  a  narrow  test-tube,  a  little  water 
added,  and  tlien  one  or  two  droi)s  of  olive  oil,  to  prevent  access  of 
air.  An  acidulated  solution  of  potassium  iodide  is  then  added, 
and,  after  five  or  ton  minutes,  the  colour  of  the  liquid  is  compared 
with  a  standartl  solution  of  iodine  in  the  usual  way. 

^  The  results  obtained  in  this  manner  show  a  constant  differenco  of  about 
0*005  gramme  of  nitric  oxide  above  that  corresponding  to  the  volume  of  gas 
liberated  in  the  nitrometer,  the  tnie  amount  doubtless  lying  between  the  two. 
The  difference  is  most  prol)abIy  due  to  a  small  amount  of  nitric  oxide  remain- 
ing dissolved  in  the  aqueous  liquid,  which  causes  the  volume  of  gas  to  be 
slightly  low,  and  becoming  oxidised  to  nitrous  acid  during  the  subsequent  titra- 
tion liberates  a  small  additional  amount  of  iodine.  This  source  of  error  becomes 
very  serious  if  the  bulk  of  the  nitric  oxide  be  not  previously  removed  as  is 
done  in  the  nitrometer.  Tlius,  if  an  attempt  be  made  to  determine  ethyl 
nitrite  by  adding  the  sample  of  spirit  to  an  acidulated  solution  of  potassium 
iodide  contained  in  an  open  basin,  and  immediately  titrating  with  standard 
thiosulphate,  the  first  result  is  too  low,  owing  to  the  nitrous  ether  requiring  a 
sensible  time  for  its  decomposition.  In  a  few  minutes  this  error  is  more  than 
compensated  by  the  additional  amount  of  io<line  set  free  by  the  nitrons  add 
produced  by  the  action  of  the  air  on  the  nitric  oxide  formed  in  the  primary 
reaction,  and  this  liberation  of  iodine  goes  on  so  rapidly  that  the  stirring 
necessary  to  mix  the  standard  solution  with  the  liquid  in  the  basin  causes 
the  liquid  again  to  aquire  a  yellow  tinge,  which  rapidly  deepens.  If  the 
liquid  in  the  basin  be  allowed  to  stand  for  some  time  exposed  to  the  air  before 
titrating,  the  iodine  set  free  often  amounts  to  fully  twice  the  quantity 
primarily  liberated  by  reaction  with  the  ethyl  nitrite  present 
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337.  Various  other  methods  of  assaying  spirit  of  nitrous  ether 
have  been  devised,  having  for  their  principle  the  detennination  of 
the  real  nitrite  present.  Some  of  these  processes  ignore  the 
presence  of  aldehyde,  and  others  are  unsatisfactory  for  other 
reasons.  Certain  of  them  give  fair  results  in  the  case  of  samples 
of  good  quality,  but  are  most  erratic  in  their  indications  when 
employed  for  the  assay  of  inferior  specimens,  and  especially  those 
prepared  by  the  London  Pharmacopoeia  process. 

338.  Muter's    process   is    interesting   from   the    fact   that 

it  has  been  recently  employed  in  the  Inland  Revenue  Laboratory 

for  estimating   the  nitrous  ether  contained   in  commercial  sweet 

apirit  of  nitre,  all  the  oxidisable  matters  indicated  by  the  reduction 

of  the  permanganate  being  calculated  to  their  equivalent  of  ethyl 

nitrite  and  reported  as  "  nitrous  ether."  ^     The  following  are  the 

details  of  the  process  as  described  by  Muter  in  his  original  paper 

{Analyst,  iv.  125),  where  he  distinctly  points  out  that  the  results 

include  the  reduction  due  to  aldehvde  and  other  oxidisable  bodies 

which  may  be  present,  while  he  has  since  given  the  preference  to  the 

more  recent  and  accurate  method  of  Eykman.      10  c.c.  of  the  sample 

should  be  digested  with  2  grammes  of  potassium  hydrate  and  10 

C.C.  of  alcohol  in  a  small  strong  flask,  closed  by  a  cork  through  which 

passes  a  bent  delivery -tube  dipping  under  the  surface  of  mercuiy, 

Bo  that  a  slight  pressure  may  be  maintained  on  heating  the  flask. 

-A.fter  digestion  for  about  an  hour,  with  frequent  agitation,  water 

ia  added,  and  the  contents  of  the  flask  evaporated  in  a  basin  till 

the  smell  of  alcohol,  is  no  longer  perceptible.     The  residual  liquid 

is   rendered  jtist  neutral  with  sulphuric  acid,  and  filtered  into  a 

Hask    containing    75    c.c.    of   decinormal    permanganate    (3*162 

^i^^nimcs  KMnO^  per  litre)  previously  diluted  to  200  c.c  with  water 

and  acidulated  with  20  c.c.  of  dilute  sulphuric  acid  (1  in  3).     The 

flask    is   corked   and  allowed  to    stand   for  half  an    hour,  when 

"Excess  of  a  saturated  solution  of  potassium  iodide  is  added,  and 

the  liberated  iodine  titrated  with  decinormal  thiosulphate.     The 

Volume    of   this  solution   required,  deducted  from  75,  gives  the 

number   of  c.a  of   permanganate  decolorised  by  10    c.c.   of   the 

Bample.      1    c.c.    of   decinormal    permanganate    oxidises    0*00375 

l^ramme  of  ethyl  nitrite. 

By  this  process.  Muter  found  oxidisable  matters  equivalent  to 
^*85  to  3*05  per  cent,  by  weight  of  ethyl  nitrite  in  samples  of 

^  In  this  connection  it  may  be  noted  that  a  sample  of  '*  sweet  spirit  of  nitre," 
^hich  was  found  on  independent  examination  by  four  different  chemists  to 
Kive  but  faint  indications  of  ethyl  nitrite  or  other  nitrous  compounds  by  the 
ferrous  sulphate  colour-test,  was,  on  reference  being  made  to  the  chemists  at 
Somerset  House,  certified  to  contain  1  '3  per  cent,  of  nitroiis  ether. 


154  ASHAY  OF  sworr  spirit  of  snuiL 

Bjiirit  of  nitrous  ether  answeritig  strictly  to  the  fi.P.  testa.  Witli 
flui;h  pKpiUHtiona  the  method  ta  probably  capable  of  yielding  useful 
conipaiative  results,  but  in  specimens  contoitung  much  aldehydv. 
tw  UiB  prepniiktinu  of  the  London  Phurmacopoeia  of  I8SI  (p«r. 
318),  the  indications  ore  L-onipletely  worthless,  aucl  should  on  n» 
account  be  oxpressed  in  terms  of  nitrous  ether. 

339.  The  otfi(;ial  process  of  the  Unitetl  Status  Pharuiavopceiu 
fur  the  estimation  of  nitrous  ether  is  also  based  on  oxidation,  Hw 
volume  of  [lennangtmate  said  to  be  decolorised  by  a  spirit  of 
proiier  strength  corresponding  to  tho  presence  of  fully  4  per  cent 
of  nominal  etiiyl  nitrite  in  tha  American  preparation.' 

340.  Eykman's  and  the  permangaiuite  processes  of  asSByinj; 
spirit  of  nitrous  ether  eatimate  the  total  nitrites  present,  and  fail 
to  distinguiah  the  tihi/l  mtrile  from  the  free  nitrotu  aeul.  As  Uiu 
latt«r  lias  probably  the  sanie  therapeutic  value  as  the  former,  this 
distinction  ia  rarely  important.  It  may  bo  made,  when  necessary, 
by  multiplying  the  free  nitrous  acid  found  by  titration  by  Tfi  (  =  J^) 
and  subtracting  the  product  from  the  weight  of  total  nitrites  ixl- 
culuti;d  as  ethyl  nitrite.  The  difference  is  the  tnie  amount  uf 
etliyl  nitrite.  If  preferred,  the  correction  may  be  made  by  adding 
some  potassium  or  sodium  biuarbonato  to  a  definite  quantity  of  the 
sample,  evaporating  to  dryness  at  100"  C,  disaolvin^  tlte  roeidne 
in  water,  and  estimating  the  nitrite  from  the  nitric  oxide  evolved. 
By  deilucting  the  auiouut  thus  found,  which  represents  tliat  origin- 

'  S.  P.  Shuplesof  Boston,  Mbs9.  ,  has  cammimicateti  to  Uieautbor  amodifi- 
tation  of  the  U.S.  PhanuBCojiteia  process  by  which  on  ssMy  of  spirit  of  nitroiu 
ether  can  be  made  in  about  in  hour.  He  does  not  elaim  th*t  the  process  accur- 
ately iletenuiQKs  the  oth;l  nitrite,  but  that  it  gives  constant  results  with  the 
mtae  sunple,  nhtch  aome  other  of  the  published  methods  do  uot.  10  gmmnc* 
of  ths  HUDpIe  are  treated  with  SO  grammes  of  strong  alcoholic  potash,  and 
the  niixtore  boiled  rigoroaaly  for  half  an  hour  in  a  flask  furnished  with  IB 
inverted  condHusei  well  supplied  with  cold  water.  The  contents  of  the  flisk 
ars  then  poured  Into  a  porcelain  capsule  and  diluted  with  SO  c.c.  of  water,  and 
tha  liquid  kept  on  the  water-bath  until  the  alcohol  has  evaporated.  The 
Bolution  is  then  acidified  with  dilute  sulphuric  acid,  ami  titrated  vith  deci- 
Qornial  permanganate,  ths  and  of  the  reaction  being  reached  wheu  the  colour 
produced  by  1  c.c.  persists  for  a  minute.  Professor  Sharpies  stales  that  during 
the  winter  of  1883-i  he  was  unable  to  meet  with  any  spirit  of  nitrousether  which 
ouswered  tho  rpqiiirements  of  tte  U.S.  Phamiaooptcia,  the  average  of  the 
apparent  ethyl  nitrite  being  nut  nmch  over  2  per  cent.  He  states  that  in 
America  there  are  sold  various  so-called  "  concentrated  ethers,"  which  are  said 
to  contain  90  per  cont  and  upwards  of  real  ethyl  nitrite,  but  a  very  small 
proportion  of  these  digtUlud  at  the  boiling  point  of  real  nitrons  etiier,  snd  tlu> 
best  of  Iheni  did  not  contain  nioro  than  60  per  cent,  of  ethyl  nitrite,  whits 
some  contained  le^  than  '20  per  cent. 
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ally  present  as  free  nitrous  acid,  from  the  total,  the  i*eal  nitrous 
ether  may  be  estimated.     (See  also  par.  335.) 

341.  The  proportion  of  ethyl  nitrite  in  spirit  of  nitrous 
ether  B.P.,  as  deduced  from  the  total  nitrites,  should  not  fall  below 
2 J  per  cent  in  a  fresh  and  well-made  preparation.  In  some  cases, 
and  especially  after  keeping,  it  may  fall  as  low  as  2  per  cent.,  but 
this  may  be  regarded  as  the  minimum  limit  in  a  reasonably  goc;d 
preparation.  Spirit  prepared  by  the  officially  obsolete  process  of 
the  London  Pharmacopoeia  (1851)  contains  less  nitrous  ether  than 
the  B.P.  preparation,  and  "  sweet  spirit  of  nitre  "  is  frequently 
met  with  in  commerce  containing  little  or  no  nitrous  ether.  This 
is  sometimes  due  to  want  of  care  in  the  distillation,  or  to  the 
employment  of  too  weak  an  alcohol,  but  it  is  more  frequently  con- 
sequent upon  adidteration  of  the  manufactured  article  by  addition 
of  water,  with  consequent  decomposition  of  the  nitrous  ether. 

342.  Methylated  Spirit  is  said  to  be  occasionally  employed  for 
the  preparation  of  sweet  spirit  of  nitre.  The  substitution  may  be 
detected  by  agitating  30  c.c.  of  the  sample  with  3  or  4  grammes 
of  ignited  potassium  carbonate,  treating  15  c.c.  of  the  decanted 
dehydrated  spirit  in  a  small  flask  Avith  10  grammes  of  anhydrous 
calcium  chloride,  attaching  a  condenser,  and  heating  the  flask  in 
boiling  water  till  about  5  c.c.  has  passed  over  or  scarcely  any 
farther  distillate  can  be  obtained  The  operation  proceeds  slowly, 
but  requires  little  attention  and  shoiUd  be  carried  out  thoroughly. 
The  contents  of  the  flask  are  next  treated  with  5  c.c.  of  water,  and 
another  2  cc.  distilled.  Tliis  second  distillate  is  then  oxidised  by  bi- 
chromate of  potassium  and  sulphuric  acid  as  doscribed  in  i)ar.  1 37,  </, 
and  the  product  tested  with  silver  nitrate.  If  the  sample  were  free 
from  methyl  alcohol,  the  solution  darkens,  and  often  assumes 
transiently  a  purple  tinge,  but  continues  quite  translucent;  and  the 
test-tube,  after  being  rinsed  out  and,  filled  witli  water,  appeai-s 
clean  or  nearly  so.  But  if  the  sample  contains  only  1  per  cent,  of 
methylic  alcohol  (=10  to  20  per  cent,  of  methylated  spirit),  the 
liquid  turns  first  brown,  then  almost  black  and  opaque,  and  a  film  of  • 
silver,  which  is  brown  by  transmitted  light,  is  deposited  on  the 
tube.  When  the  sample  is  methylated  to  the  extent  of  3  or  4  {xn- 
cent,  the  film  is  sufficiently  thick  to  form  a  brilliant  mirror.  To 
ensure  accuracy  the  observations  should  be  made  by  daylight. 

343.  Ethyl  Chloride.  Hydrochloric  ether.  "Sweet  spirit 
of  salt."     CaHgCL 

Ethyl  chloride  is  a  fragrant,  exceedingly  volatile  liquid,  boiling 
at  12*2°  C,  and  burning  when  ignited  with  a  sinohj  green-edgo<l 
flame,  producing  fumes  of  hydrochloric  acid.  It  is  sparingly  soluble 
in  water,  but  readily  so  in  alcohol,  neither  solution  gi^'ing  any 
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prL'uipitaUt  wil)i  nitrate  of  silver.  Its  sohition  in  aii  equal  vnli 
Lif  alcohol  is  sometimea  employed  iii  medicinB.  The  ether  is  ] 
]iar(<d  by  distilling  alcoliol,  sulphuric  acid,  aud  common  salt  tugctiu^ 
ur  by  pnssiiig  diy  hydrochloric  acid  gas  into  absolute  alcaluil: 
by  lidding  cliloridc  of  zinc  to  the  iilcohol,  the  whole  uf  the  UOv 
may  be  converted  into  ethjl  clJoride  (Jour.  Chent.  Soc^  rtm 
636). 

344.  By  the  continued  action  of  chlorine  on  ethyl  cUoatrvt 
series  of  substitution-produuta  mny  be  obtained,  in  which  tbe  \sji» 
gun  is  more  or  lees  completely  replai»d  by  chlorine.  Some  rf 
these  products  Are  identical  with,  and  others  merely  isomeric  wilk 
similar  bodies  obtained  by  other  reactiona  The  fullowtug  ie  « lilt 
of  the  products  in  question  ; — 
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345.  The  last  product  ia  a  crystoUuic  eubstance  identical  vili 
thrtt  produced  by  the  action  of  chlorine  on  D  u  t  c  h  1  i  q  u  i  A  1b 
the  chlorinution  of  ethyl  chloride  the  yS-eeries  of  isomers  ^>  '^-^ 
tuined,  and  these  are  also  produced  on  a  eouHidomble  scah'  :ii  it 
lUiiuufftcture  of  chloral.  A  very  variable  mixture  of  the  uiljI. 
nienihera  of  the  aeries  ia  an  article  of  commerce- under  the  lucii-  ( 
Liqiwr  anamtketkus.  Another  similar  mixture,  containing  tha  1m 
chlorinated  bodies,  is  the  ^Ether  ameathciieue  Aranii,  boiling  be- 
tween 64"  aud  100"  C,  Tlie  ^l/ur  amatlli^lieiu  Wiggert  co^aiv 
the  more  liigldy  chloriuated  products,  and  boils  between  100"  anl 
140"  C. 

346.  Ethvliussk  Chixheidc,  Chu)binatkd  Etb)-l  CnLoiuut, 
or  /3-DiCHLOK-ETHANE,  CjHjClj  =  CHyCHCij,  is  now  prepuml  in 
a  pure  state  by  the  action  of  cidorine  on  ethyl  (Monde,  or  1? 
diatilliiig  aldehyde  with  phosphorus  peutachloride.  Klhyhil«iaf 
chloride  [XMsessea  valuable  anietithetic  progicrtica,  appearing  hi 
iic-uujiy  a  position  intermc<Uate  between  chiorofomi  and  cthfi. 
I«'ing  safer  than  chloroform,  while  a  smaller  ijuantity  is  reqiiiiwi 
tJmn  of  ether  {Brit.  Mid.   Jour.,  Dec.    18,    1880).      It  pnxliicw 
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anaesthesia  in  dogs  and  rabbits  in  three  or  four  minutes,  but  there 
is  no  sign  of  failure  of  the  heart's  action.  In  this  respect  it  differs 
from  chloroform  and  methylene  dichloride,  both  of  which  diminish 
the  action  of  the  heart;  The  isomer  of  chlorinated  ethyl  chloride, 
the  dichloride  of  ethylene  or  Dutch  liquid,  pro- 
duces severe  convulsions  when  its  vapour  is  inhaled.^  Ethy- 
lidene  chloride  is  distinguished  by  its  negative  reaction  with  potas- 
sium, whereas  Dutch  liquid  is  violently  acted  on,  forming  a  porous 
mass  and  evolving  hydrogen  and  chlor-ethylene,  CgHjCl,  the  latter 
being  a  gas  of  alliaceous  odour.  The  same  gas  is  produced  when 
Dutch  liquid  is  heated  with  alcoholic  potash,  while  ethylidene 
chloride  is  unaffected  by  the  same  reagent  The  boiling  point  and 
density  also  distinguish  Dutch  liquid  from  its  isomer.  From 
chloroform,  ethylidene  chloride  is  distinguished  by  its  density, 
boiling  point,  and  negative  reaction  with  Hofmann's  test  (see  par. 
425,  a). 

347.  Mbthyl-Chloroform  or  )8-Trichlorethanb,  CH3.CCI3,  and 
its  isomer  CHgCLCHCl^,  appear  likely  to  prove  valuable  as  anaes- 
thetics (BHt  Med,  Jour,y  Nov.  13,  1880). 

348.  Ethyl  Bromide.^  Hydrobromic  ether.  Brom-ethane. 
CjHuBr. 

This  ether  has  recently  been  employed  in  medicine  as  a  substi- 
tute, in  certain  cases,  for  chloroform.  It  boils  at  40*7°  C,  and 
has  a  density  of  1*4 19.  It  bums  with  difficulty,  giving  a  bright 
green  but  smokeless  flame,  and  forming  fumes  of  hydrochloric  acid. 
The  boiling  point  and  smokeless  flame  distinguish  it  from  ethyl 
chloride. 

Ethyl  bromide  is  liable  to  contain  an  admixture  of  ordinary 
ether,  which  reduces  the  specific  gravity.  Some  samples  are  con- 
taminated with  an  acrid  impurity,  of  extremely  unpleasant  alli- 
aceous odour,  and  less  volatile  than  pure  ethyl  bromide.  Such 
specimens  are  unfit  for  medicinal  use. 

349.  Aznyl  Acetate.     Acetate  of  pentyl. 

CtHj^Oj = C5Hii,C2H302  =  q'^jj^q  I O. 

Amyl  acetate  is  prepared  by  distilling  amyl  alcohol  with  an 
acetate  and  sulphuric  acid.  When  pure,  it  is  a  colourless  liquid 
having  an  exceedingly  fragrant  odour.  It  is  insoluble  in  water, 
but  soluble  in  all  proportions  in  ether,  amyl  alcohol,  and  ordinary 

^  A  similar  diflf reDce  is  observable  between  the  action  of  butyl  chloride  and 
that  of  its  isomer  iso-butyl  chloride. 

*  On  the  preparation  and  characters  of  ethyl  bromide,  see  Pharm,  Jour., 
[3]  X.  9,  962 ;  xi.  8. 


158  AMYL  ACETATE. 

alcohol.  The  last  solution  constitutes  the  essence  of  jargo- 
nelle pear  of  commerce.  Amyl  acetate  boils  at  137**  C,  and 
has  a  density  of  -8763  at  lb""  C. 

Amyl  acetate  has  recently  been  proposed  as  a  suitable  liquid  to 
])iu'n  in  a  standard  lamp  for  photometric  purix)8es, 

350.  Amyl  acetate  may  be  determined  by  the  general  method 
in  par.  291.  From  aicohol  it  may  be  separated  by  agitating  the 
liquid  with  an  equal  measure  of  saturated  solution  of  chloride  of 
i'alcium,  which  dissolves  the  alcohol  only. 

Any  admixture  of  amyl  alcohol  may  be  separated  and  deter- 
mined approximately  ])y  treating  the  sample  in  a  graduated  tube 
with  a  mixture  of  equal  volumes  of  glacial  acetic  acid  and  water. 

This  dissolves  amyl  alcohol,  but  leaves  the  amyl  acetate  in- 
soluble (together  with  any  valerate  or  pelargonate  of  amyl  which 
may  be  present).  By  first  separating  the  ethyl  alcohol  by  salt 
water,  or  petroleum  spirit,  as  described  in  pars.  268  and  269,  this 
method  may  be  applied  to  the  essence  of  jargonelle  pear. 

351.  Amyl  Nitrite.       C5HiiN02=^^^Jyj|o. 

Amyl  nitrite  is  prepared  by  processes  similar  to  those  employed 
for  obtaining  nitrite  of  ethyl,  amyl  alcohol  being  substituted  for 
spirit  of  wine.  To  obtain  a  product  fit  for  medicinal  use,  the 
amyl  alcohol  should  be  carefully  purified,  and  have  a  boiling  point 
of  129°  to  132°  C.  By  passing  nitrous  acid  gas  (best  prepared  by 
the  reaction  of  nitric  acid  on  arsenious  oxide)  into  this  alcohol,  a 
vciy  pure  nitrite  is  obtained  After  washing  the  product  with 
water  and  solution  of  carbonate  of  sodium,  the  oily  liquid  is  recti- 
fied, the  fraction  passing  over  between  90^  and  100*^  C.  being 
retained.  By  carefully  refractionating  the  distillate  with  a  de- 
]>hlegniator  (par.  35)  a  very  pure  product  may  be  obtained,  but 
it  must  be  again  washed  with  sodium  carlx)nate  to  separate  traces 
of  acid  produced  by  decomi)osition  of  the  etlier  during  redistilla- 
tion.^ 

352.  Pure  amyl  nitrite  lias  a  density  of  0*877,  and  is  said  to 
boil  constantly  at  about  96''  C,  though  on  this  ix)iut  there  are 
conflicting  statements  (see  Pharm.  Jonr,^  [3]  ix.  899,  and  x.  231). 
It  has  a  yellowish  colour,  penetrating  apple-like  odour,  pungent 
aromatic  taste,  and  producer  a  very  powerfid  effect  on  the  system 

'  Nitrite  of  amyl  is  sometimes  said  to  give  an  orange-yellow  vaix)ur,  but 
this  phenomenon  is  due  to  the  liberation  of  oxides  of  nitrogen.  These  are 
commonly  assumed  to  be  produced  by  decomiK>sition  of  the  amyl  nitrite,  but 
E.  T.  Chapman  states  their  production  to  be  due  to  the  ready  solubility  of 
nitric  oxide  in  amyl  nitrite  and  its  evolution  ou  heatinflj. 
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when  its  vapour  is  enhaled.  It  bums,  when  ignited,  with  a  fawn- 
coloured  smoky  flame. 

Amyl  nitrite  is  insoluble  in  water,  but  soluble  in  alcohol  in 
all  proportions.  It  also  dissolves  in  amyl  and  methyl  alcohols, 
in  glacial  acetic  acid,  and  is  miscible  in  all  proportions  with  ether, 
chloroform,  carbon  disulphide,  benzene,  petroleum  spirit,  and  oils. 

In  contact  with  the  air,  and  apparently  more  readily  under  the 
influence  of  light,  amyl  nitrite  develops  an  acid  reaction  owing  to 
partial  decomposition.  Probably  this  change  occurs  more  readily  in 
presence  of  moisture. 

353.  Concentrated  sulphuric  acid  attacks  amyl  nitrite  with 
great  energy,  red  fumes  being  evolved,  and  a  black,  foul-smelling 
liquid  formed.     Occasionally  the  mixture  inflamea 

354.  A  characteristic  test  for  amyl  nitrite  is  the  formation  of 
potassium  valerate  when  the  liquid  is  dropped  on  fusing 
caustic  potash. 

355.  When  gently  warmed  with  excess  of  an  aqueous  solution 
of  caustic  potash,  potassium  nitrite  is  fonned,  and  a 
atratum  ofamylic  alcohol  floats  on  the  surface  of  the  liquid. 
The  change  occurs  more  readily  by  using  alcoholic  potash  and 
subsequently  adding  water  to  cause  the  separation  of  the  amylic 
^cohol.  On  removing  the  aqueous  liquid,  acidulating  it  with 
4^eetic  acid,  and  adding  potassium  iodide,  the  nitrite  will  occasion 
*^ji  abundant  liberation  of  iodine. 

356.  When  amylic  nitrite  is  distilled  slowly  with  methyl 
alcohol  it  is  completely  decomposed,  with  formation  of  amyl 
7^  1  c o h o  1  and  methyl  nitrite.  Ethyl  alcohol  causes  a  less 
ciomplete  change,  but  it  is  evident  that  a  spirituous  solution  of  amyl 
^l:iitrite  would  be  liable  to  undergo  decomposition. 

357.  CoMMBRCiAL  Amyl  Nitritb. 

The  amyl  nitrite  commonly  met  with  is   sometimes   far  from 

iJiire,  being  liable  to  contain  ethylic  and   amylic  alcohols,  amyl 

^nitrate,  nitrites  of  butyl  and  hexyl,  nitropentane,  valeric  aldehyde. 

Abater,  and  other  impurities.     If  the  amyl  nitrite  Ije  prepared  in 

"the  manner  directed  in  par.  349,  most  of   these  bodies  will   be 

Xiresent  in  but  very  insignificant  proportion,  but  the  contrary  is  the 

^ise  if  impure  fusel  oil  be  substituted  for  carefidly  purified  amylic 

»\lcohol,  or  if  the  latter  be  converted  by  treatment  with  nitric  acid 

instead  of  nitrous  acid,  as  is  done  l)y  some  manufacturers.^ 

358.  The  following  table  shows  the  composition,  densities,  and 

^  The  use  of  nitric  acid  is  certain  to  result  in  the  formation  of  much  valeric 
aldehyde  and  more  or  less  amyl  nitrate,  and  the  boiling  i)oint  of  the  fonner  of 
these  bodies  precludes  the  possibility  of  subsequently  separating  it  by  fraction- 
ating the  crude  product 
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boiling  points  of  the  more  important  bodies  likely  to  be  present 
in  impure  commercial  nitrite  of  amyl : — 


Name. 


I  Nitropentane, 
Amyl  nitrite, 
Amy]  nitrate, 
Amyl  alcohol, 
Valeric  aldehyde. 


FormnUi. 

Specific  Gravity.. BoUing  Point  *  C. 

C^HijCNO,) 

•877 

150-100 

CjHu.O.NO 

•902  at  O'C. 

96 

CjHn.O.NO, 

1  -000  at  r 

148 

CjHij.O.  ii 

•814  at  15° 

128-131 

C4H,.C0.H 

•8057  at  17' 

92-5 

359.  From  these  data  it  is  evident  that  any  valeric  aldehyde 
in  the  crude  product  will  not  be  likely  to  be  removed  by  fractional 
distillation,  though  the  other  impuiities  can  be  more  or  less  per- 
fectly eliminated  by  such  treatment.  Any  admixture  of  valeric 
aldehyde  or  amylic  alcohol  will  tend  to  reduce  the  si)ecilic 
gravity  of  the  preparation,  while  amyl  nitrate  acts  in  a  contrar}- 
manner.  As,  however,  the  last  body  has  a  comparatively  high 
boiling  point,  a  very  instructive  examuiation  of  commercial  amyl 
nitrite  can  be  made  by  distilling  the  sample  with  a  dephlegmator, 
and  noting  the  volumes,  densities,  and  odours  of  the  fractions  col- 
lected at  different  temperatures.  A  fairly  pure  article,  when  frac- 
tionally distilled  in  this  mamier,  will  yield  fully  80  per  cent,  of 
its  original  measure  between  90°  and  100°  C,  and  should  leave 
no  very  considerable  residue  at  the  latter  temperature.  Some  speci- 
mens liave  been  found  to  boil  at  temperatures  ranging  from  70"^  to 
180°,  and  occasionally  to  leave  a  residue  at  220°  C.^  As  a  rule, 
incomplete  distillation  at  100°  is  due  chiefly  to  the  presence  of 
amyl  alcohol,  heavy  traces  of  which  may  apparently  be  formed  by 
partial  decomposition  of   the  nitrite  during  distillation.     Hence 

^  The  data  given  in  the  test  respecting  the  results  of  fractionating  com- 
mercial amyl  nitrite  are  based  chiefly  on  the  observations  of  D.  B.  Dott  and 
W.  H.  Greene  {Phapn,  Jour.,  [3]  ix.  172,  899  ;  x.  231),  but  they  are  wholly 
at  variance  with  the  experience  of  £.  R.  Squibb  {EpherneriSf  il  707  ;  and 
Pharm.  Jour.,  [3]  xv.  485),  who  has  fractionated  three  typical  specimens  of 
American  amyl  nitrite.  The  purest  of  these  samples  gave  only  19*2  per  cent, 
by  measure  of  distillate  at  95*"  C,  and  45*6  at  100^  a  total  of  90 '2  |)er  cent, 
distillating  below  128**.  The  distillation  was  conducted  in  an  ordinary  retort 
with  the  bulb  of  the  thermometer  immersed  in  the  liquid,  whereas  in  the 
experiments  of  Dott  and  Greene,  a  flask  with  a  dephlcgmating  tube  was  used. 
These  diiferences  in  the  mode  of  manipulation  would  materially  aflcct  the 
proportions  of  the  distillate  obtained  at  a  particular  temperature,  but  Squibb's 
results  still  point  to  the  presence  of  much  besides  amyl  nitrite  in  the  samples 
examined  by  him. 
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commercial  amyl  nitrite  of  good  quality  may  leave  a  residue  of  5 
to  10  iKjr  cent,  at  100^ 

360.  A  further  examination  of  tlie  nature  of  the  90*^  to  100" 
fraction  might  be  made  hy  gently  heating  it  for  some  time  witli 
methyl  alcohol  in  a  flask  furnished  with  an  inverted  condenser. 
On  subsequent  distillation,  the  fraction  passing  over  between  90^ 
and  1 00°  will  consist  mainly  of  the  valeric  aidehf/de  of  the  original 
sample,  the  amyl  nitrite  having  been  converted  into  amyl  alcohol 
and  the  very  volatile  methyl  nitrite. 

361.  Nitroj)entane,  C^Hj^NOg,  a  bo<ly  isomeric  with  amyl  nitrite, 
appears  to  be  present  in  most  commercial  specimens  of  tlie  latter, 
and  sometimes  in  notable  quantity.  It  may  be  detected  by  sub- 
jecting the  fraction  distilling  between  140°  and  170°  C.  to  the 
action  of  nascent  hydrogen,  when  amyl  amine,  CgHj^NHg, 
will  be  formed,  and  may  be  recognised  by  the  alkaline  character  of 
the  distillate  obtained  on  boiling  with  caustic  potash.  Nitropen- 
tano  may  also  be  detected  by  dissolving  the  140°  to  170°  fraction 
in  solution  of  caustic  potash,  adding  a  little  sodium  nitrite,  and 
then  dilute  sulphuric  acid  very  cautiously,  when  a  blood-red  color- 
ation will  be  produced,  which  disappears  when  tlie  solution  becomes 
acid.  The  p e n t y  1-n  itrolic  acid  produced  may  be  extracted 
by  agitation  with  ether.  Probably  the  test  might  be  applied  by 
warming  the  original  sample  with  alcoholic  potash  and  cautiously 
adding  dilute  sulphuric  acid. 

362.  Amyl  Nitrate,  C^H^jNOg,  if  present,  will  be  contained  in 
the  last  fractions  obtained  on  distilling  a  sample  of  amyl  nitrite. 
There  is  no  simple  direct  test  for  its  presence*,  and  D.  B.  Dott 
states  that  he  has  failed  to  detect  it  in  cases  where  he  made  a 
special  search  for  it. 

363.  Valeinc  Aldehyde,  CgHj^O,  may  be  detected  by  treating 
the  sample  with  three  measiu'es  of  a  mixture  in  equal  parts  of 
strong  ammonia  and  absolute  alcohol,  then  adding  a  few  drops  of 
nitrate  of  silver  solution  tmd  wjirming  gently,  when  a  dark  brown 
coloration  will  be  i)roduced  if  valeric  aldehyde  be  present. 

364.  Butyl  and  Hexyl  Compounds  may  be  detected  by  saponi- 
fying the  sample  with  caustic  potash  and  examining  the  amylic 
alcohol  layer  for  butyl  and  hexyl  alcohols  by  distillation,  &c.,  as 
indicated  in  par.  267. 

365.  Free  Acid  may  be  detected  and  determined  as  in  spirit  of 
nitrous  ether  (par.  326)  after  dissolving  the  sample  in  rectified 
spirit.  The  United  States  and  German  Pharmacopoeias  agree  that 
the  free  acid  in  10  c.c.  of  amyl  nitrite  should  be  wholly  neutralised 
by  agitation  with  2  c.c.  of  a  mixture  of  1  measure  of  ammonia 
of  '950  sp.  gr.  and  9  parts  of  water. 

VOL.  L  L 
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366.  Hydrocyanic  Acul,  oecasioiially  present  as  a  bj-product, 
may  be  recognised  by  largely  diluting  the  sample  with  alcohol  and 
adding  silver  nitrate,  when  white  curdy  silver  cyanide  will  be  pre- 
cipitated. 

367.  The  real  Amyl  Nitrite  present  in  a  commercial  sample 
might  probably  be  determined  by  saponifying  the  sample  with 
alcoholic  potash  and  treating  the  product  by  Eykman's  or  Dott's 
process  (pars.  331,  336). 

368.  Water  increases  the  specific  gravity  of  the  preparation,  and 
renders  it  turbid  when  cooled  to  the  melting  point  of  ice.  The 
presence  of  water  increases  the  tendency  to  decomposition. 

369.  Artificial  Fruit  Essences. — The  natural  bouquets 

and  flavours  of  fruits  have  been  found  to  depend,  in  many  instances, 
on  the  presence  of  small  quantities  of  certain  ethers,  and  these 
bodies  are  now  prepared  on  a  very  extensive  scale  for  the  imitation 
of  the  natural  flavours. 

The  following  is  a  list  of  the  natural  odours  and  flavours  of 
fruits,  &c.,  which  can  be  almost  exactly  simulated  by  unmixed 
products  of  artificial  origin: — 


'  Natural  Odoar  or  Flaroar.  Simple  Artificial  Body. 

t , 


Bitter  almond  ;  Peach.  ^     Nitro-benzene  ;  Benzoic  aldehyde. 
Jargonelle  Pear.  Amyl  acetate. 

I     Apple,  Amyl  valerate. 

Qoince.  Ethyl  pelargonate. 

Pine-apple.  Ethyl  butyrate. 

Melon.  !     Ethyl  sebate. 

Greengage.  j     Ethyl  oenanthylate. 


Mulberry.  '     Ethyl  saberate. 

CfauUKeria  yrocuvfibtnsk  Methyl  salicylate. 

Spirta  ulmaria.  SaUcyUc  aldehyde. 


370.  The  following  table,  compiled  from  the  recipes  of  J.  H. 
Maisch,  shows  the  composition  of  various  artificial  fruit-essences 
and  flavours  employed  in  practice.  The  numbers  given  indicate 
the  numl>er  of  measures  of  the  ethers,  vtc,  to  be  added  to  each 
100  measures  of  rectified  spirit  The  chloroform  and  aldehyde 
can  be  omitted  in  most  cases  without  serious  detriment  to  the 
flavour.  To  make  the  essences  of  orange  and  lemon,  10  parts  of 
the  respective  essential  oils  must  be  employeil  in  adilition  to  the 
ingredients  given  in  the  table.  In  cases  in  which  acids  are  em- 
ployed, the  figures  refer  ti>  viUumes  of  a  cold  saturated  solution 
of  the  acid  in  alcohol  of  *{^30  sj^^cific  gravity  : — 
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.  The  colour  of  strawberry  and  raspberry  essences  is  conunanicated 
by  aniline-red  mixed  with  a  littlo  caramel. 

The  true  strength  and  flavouring  powers  of  fruit-essences  is 
bost  ascertained  by  noting  tlicir  taste  and  odour  after  copious 
dilution  with  water.  For  examination  of  the  ethers,  the  sample 
should  be  treated  with  dry  oJcium  chloride,  which  wiil  unite 
with  the  alcohol,  and  the  ethers  may  generally  he  distilled  off, 

371.  ALDEHYDES. 

The  iildehyiiufl  are  a  series  of  compounds  intermediate  in  com- 
position between  the  sdcohola  and  their  corresponding  acids.  Those 
corresponding  to  the  monatomic  alcohols  of  the  ethyl  series  may 
be  expressed  by  the  general  formula — 

C„Hj„0  =  C„Hj. ,  lO.H  =  C„Hj,^i.CO.  H . 

372.  Aldehydes  result  from  the  treatment  of  the  corresponding 
alcohols  by  oxidising  agents  of  moderate  power,  such  as  dilute 
iittric  acid  or  dilute  chromic  acid  mixture  used  cautiously.  They 
are  also  formed  by  distilling  a  mixture  of  the  sodium  or  calcium 
salt  of  the  cori'eeponding  acid  with  the  similar  compound  of  the  acid 
next  lowest  in  the  series,  thus  ; — 

NaCjHgOa  +  NaCH03=  CsH^O  +  Na.jCO. 

SodlDm  uetUc  Sodium      AceUliEbjie.        Sodium 

romuiie.  eirboiuiM. 

Aldehydes  may  also  be  obtained  by  the  action  of  nascent  hydrogen 
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on  the  chlorides  of  the  corresponding  acid  radicles,  and  by  various 
other  reactions.        * 

373.  Wlien  jmre,  the  aldehydes  may  apparently  be  preserved 
without  change,  but  the  presence  of  mere  traces  of  impurity  {e.g., 
mineral  acids),  tends  to  cause  their  gradual  conversion  into  poly- 
mers or  condensatio  n-p  r  o  d  u  c  t  s,  in  the  latter  case  one 
or  more  molecules  of  water  being  simidtaneously  eliminated. 

374.  By  oxidation,  the  aldehydes  are  very  readily  converted 
into  the  corresponding  acids.  Hence,  they  are  ^KDwerfid  reducing 
agents,  precipitating  metallic  silver  from  the  ammonio-nitrate, 
decolorising  permanganate,  &c. 

375.  By  the  action  of  nascent  hydrogen  (sodium  amalgam),  the 
aldehydes  are  reduced  to  the  corresponding  alcohols,  but  the  fixa- 
tion of  hydrogen  is  often  attended  with  condensation,  and  conse- 
quent co-formation  of  a  higher  diatomic  alcohol 

376.  When  heated  with  solutions  of  caustic  alkalies,  the  alde- 
hydes are  mostly  converted  into  resinous  bodies  which  are  probably 
condensation-products.  By  fusion  with  caustic  potash,  aldehydes 
are  converted  into  the  potassium  salts  of  the  corresponding  acids, 
hydrogen  being  simultaneously  evolved;  in  some  cases  this  acts 
on  another  portion  of  the  aldehyde  and  converts  it  into  the  corre- 
sponding alcohol ;  thus  : — 

2C7H^O  +  KHO  =  KC7H5O2  +  C7H3O 

Benzoic  Potassitun         Benzyllc 

aldehyde.  benzoate.  alcohol. 

Many  of  the  aldehydes  form  compounds  with  water,  hydro- 
chloric acid,  &c.,  but  the  products  are  very  unstable. 

377.  The  aldehydes  readily  combine  with  ammonia,  the  pro- 
ducts first  formed  often  undergoing  molecidar  condensation  more 
or  less  rapidly.  The  ammonia-compounds  of  the  aldehydes  of  the 
acetic  series  are  not  liable  to  this  change,  and  are  stable  crystalline 
bodies  which  liberate  the  original  aldehyde  on  treatment  with 
dilute  sulphuric  acid. 

378.  A  reaction  peculiar  to  the  aldehydes  and  allied  bodies 
(ketones),  and  common  to  all  members  of  the  class,  is  the  property 
of  forming  stable  crystalline  (Compounds  with  the  acid  sulphites  of 
the  alkali-metala  The  sodium  compound  is  readily  obtained  on 
treating  the  aldehyde  or  its  aqueous  solution  with  excess  of  a 
saturated  cold  solution  of  acid  sulphite  of  sodium,  when  the  coni- 

■  pound  separates  in  crystals  which  are  soluble  in  water  or  alcohol, 
but  insoluble  in  a  strong  solution  of  acid  sulphite  of  sodium. 
From  this  compound  the  aldehyde  may  be  regenerated  by  treat- 
ment with  dilute  sulphuric  acid  (or  sodium  carbonate),  or  sometimes 
by  simply  warming  the  aqueous  solution. 
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379.  Aldehydes  of  the  acetic  series  (as  also  chloral)  reduce  hot 
Fehling's  solution,  but  aldehydes  of  the  aromatic  series  do  not 

38(X  All  bodies  of  the  aldehyde  class  give  a  violet  coloration 
with  an  acid  sohition  of  rosaniline  previously  mixed  with  sufficient 
sodium  sulphite  almost  to  decolorise  it.^ 

381.  A  mere  trace  of  most  bodies  of  the  aldehyde  class  produces 
a  fine  scarlet  colour  with  a  solution  of  plienol  in  excess  of  sul- 
phuric acid,  the  colour  changing  to  a  dark  red  on  warming  the 
luixture. 

382.  A  delicate  test  for  aldehydes  is  the  violet-red  colour  they 
give  with  diazobenzene-sulphonic  acid  in  presence  of  free  alkali  {Ber.y 
xvi.  657).  1  part  of  fresldy-prepared  diazobenzene-sulphonic  acid 
is  dissolved  in  60  parts  of  cold  water  rendered  alkaline  by  caustic 
soda.  To  this  solution  is  added  the  liquid  to  be  tested  (previously 
mixed  with  dilute  solution  of  caustic  soda)  together  with  a  little 
sodium  amalgam.  If  an  aldehyde  be  present,  an  intense  violet-red 
coloration  is  produced,  eitlier  immediately  or  within  20  minutes. 
The  colour  is  destroyed  by  long  exposure  to  the  air,  and  is 
changed  by  the  addition  of  an  acid. 

The  reaction  is  readily  yielded  by  a  solution  containing  1  part 
in  3000  of  benzoic  aldehyde  (oil  of  bitter  almonds),  and  has  been 
obtained  with  acetic,  valeric,  and  oenanthic  aldehydes,  as  also  with 
furfuKddehyde  and  glyoxal.  Chloral  and  benzoin  do  not  give 
the  reaction.  Acetone  and  ethyl  aceto-acetate  give  a  red  colour, 
but  without,  the  violet  tint  characteristic  of  an  aldehyde.  The 
reaction  is  not  produced  by  phenol,  resorcinol,  or  pyrocatechol  (if 
care  be  taken  to  have  excess  of  alkali  present),  but  is  given  by 
glucose.  It  is  said  to  be  more  delicate  than  that  with  rosaniline 
reduced  with  siUphurous  acid ;  but  the  reaction  is  more  especially 
suitable  for  the  detection  of  aldehydes  which  are  j)ermanent  in 
alkaline  solutions. 

383.  E.   Fischer   recommends    the  employment    of   phenylhy- 

^  Examined  as  described  in  the  text,  acetaldehyde,  paraldehyde,  and  propion- 
aldehyde  give  an  intense  red-violet  coloration.  Cliloral  gives  at  once  a  fine 
colour,  but  chloral  hydrate  gives  no  reaction.  Acrolein  and  butyl  chloral 
produce  a  violet  colour  on  shaking.  Furfurol  and  benzaldehyde  give  the 
colour  more  readily.  Salicyhc  and  cuminic  aldehydes  react  well  after  some 
agitation.  Cinnamic  aldehyde  and  furfur-acrolein  give  at  first  an  intense 
yellow  colour,  soon  changing  to  violet-red.  Acetone  readily  reacts  on  shaking, 
bat  ^etophenone  and  benzophenone  have  no  action.  Methyl  and  ethyl 
alcohols  give  a  faint  violet  colour  on  shaking,  propylic  and  isopropylic  alcohols 
a  scareely  perceptible  reaction,  while  with  their  higher  homologues,  and 
phenols,^  glycols,  quinine,  sugars,  and  formic  acid,  no  colour  whatever  is 
obtained. 
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drazine   hydrochloride   as  a  reagent  for  detecting  bodies   of  the 
aldehyde  class  (Ber,,  xvii  573 ;  Jour.  Soc.  Chem.  Ind.^  iii  330). 

384.  *Acroleiny  Valeraly  Furfurol,  and  the  Essential  oils  of  b  i  1 1  e  r 
almonds,  cinnamon,  cloves,  cumin,  and  meadow- 
sweet have  the  constitution  and  characters  of  aldehydea  AH 
these  form  crystalline  compounds  with  the  acid  sulphites  of  the 
alkali  metals. 

Acetone  (par.  126)  and  AcetcU  (par.  400)  are  bodies  allied  to 
the  aldehydes,  and  Chloral  (par.  401)  is  a  trichlor-aldehyde. 

385.  Formic  Aldehyde.  Formaldehyde.  Methaldehyde. 
CHgO. 

This  body  is  produced  by  the  limited  oxidation  of  methyl 
alcohol  Ite  formation  is  probably  the  first  stage  towards  the  pro- 
duction of  carbohydrates,  &c.,  in  plants,  by  the  deoxidation  of 
carbonic  acid.  Formic  aldehyde  presents  a  general  resemblance 
to  ordinary  or  acetic  aldehyde,  but  it  is  polymerised  with  extreme 
readinesa  It  is  gaseous  at  the  ordinary  temperature,  and  hitherto 
has  not  been  obtained  pure,  though  its  polymer  para-formalde- 
hyde, CgH^Og,  is  a  white  insoluble  body,  subliming  at  the  tem- 
perature of  boiling  water,  and  suffering  de-polymerisation  at  a 
higher  temperature,  or  when  heated  to  140*^  with  excess  of  water 
in  a  sealed  tube. 

Formaldehyde  may  be  determined  by  treatment  with  excess  of 
standard  ammonia,  which  converts  it  into  hexamethylene-amine, 
thus:— 6CH20  +  4NH3  =  (CH2)eN^  +  6H20.  The  excess  of  am- 
monia may  be  titrated  with  standard  acid,  or  the  resultant  hexa- 
methylene-amine may  be  weighed.  When  heated  on  the  water-bath 
for  several  days  with  caustic  soda,  formaldehyde  yields  sodium 
formate  and  methyl  alcohol,  and  the  reaction  may  be  employed 
quantitatively  as  described  in  par.  291. 

386.  Acetic  Aldehyde.    Acetaldehyde.    Ethyiidene 

Oxide.  .  jj 

C2H,0  =  C2H30,H  =  C^JJ 

(  CO.H. 

This  is  the  body  from  which  the  class  of  aldehydes  derived  their 
name,  and  when  the  word  aldehyde  is  used  as  a  proper  name  with- 
out qualification,  ordinary  or  acetic  aldehyde  is  always  understood. 

387.  In  constitution,  aldehyde  is  intermediate  between  ethyl 
iilcohol  and  acetic  acid ;  thus — 

Ethyl  alcohol,    CgH^O  =  C^Hj-.  OH  =  CH3. CHg. OH. 
Aldehyde,  C^H^O  =  C^Hg.OH  =  CH3.  CO.H. 

Acetic  acid,        62X^2  =  C2H3O.OH  =  CH3.CO.OH. 
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388.  Many  of  the  properties  of  acetaldehyde  common  to  other 
bodies  of  the  class  are  described  on  pages  164  and  165. 

389.  Aldehyde  results  from  the  destructive  distillation  of  vari- 
ous oi^nic  compounds,  and  from  the  limited  oxidation  of  alcohol 
by  dilute  chromic  acid,  nitric  acid,  air  in  presence  of  platinum 
black,  <fcc.  In  practice,  aldehyde  is  prepared  by  distilling  together 
alcohol,  sulphuric  acid,  and  manganese  dioxide,  but  it  may  be  ob- 
tained in  various  other  ways. 

390.  Acetic  aldehyde  is  a  mobile,  colourless  liquid,  having  a 
pungent  suffocating  odour.  In  pure  samples,  the  disagreeable 
odour  is  much  less  marked  than  in  the  crude  substance.  Its 
density  is  '790,  and  it  boils  at  22*^  C.  It  does  not  redden  litmus, 
either  when  absolute  or  when  in  solution;  but  turns  acid  on  ex- 
posure to  air,  from  oxidation  to  acetic  acid,  which  change  occurs 
with  great  facility. 

Acetic  aldehyde  is  miscible  in  all  proportions  with  water,  alco- 
hol, and  ether.  It  is  insoluble  in  a  saturated  solution  of  calcium 
chloride,  but  this  fact  is  not  of  service  for  the  quantitative  separ- 
ation of  aldehyde  from  alcohol.  A  better  method  of  separation  is 
to  treat  the  liquid  with  dry  calciimi  chlorv:le,  which  forms  a  com- 
pound with  the  alcohol,  when  the  aldehyde  may  be  distilled  off  by 
the  heat  of  a  water-bath. 

391.  When  kept  in  closed  vessels,  aldehyde  often  becomes  con- 
verted into  liquid  or  solid  polymeric  modifications,  especially  in 
presence  of  traces  of  mineral  acid  or  certain  other  impurities.  The 
alcoholic  solution  of  aldehyde  is  tolerably  permanent.  Oxidising 
agents  convert  aldehyde  into  acetic  acid.  Dehydrating  agents, 
such  as  phosphoric  anhydride  and  concentrated  sulphuric  acid, 
when  heated  with  aldehyde  turn  it  thick  and  black  ;  but  aldehyde 
may  be  distilled  from  sulphuric  acid  diluted  with  an  equal  weight 
of  water. 

392.  Aldehyde  is  a  powerful  reducing  agent.  It  separates 
metallic  silver  from  the  ammonio-nitrate,  when  gently  warmed, 
while  acetate  is  formed  in  the  liquid.  The  reaction  is  rendered 
more  delicate  by  the  addition  of  caustic  alkali.  A  suitable  mixture 
may  be  prepared  by  mixing  equal  measures  of  1 0  per  cent,  aqueous 
solutions  of  silver  nitrate  and  caustic  soda,  and  then  adding  am- 
monia drop  by  drop  till  the  oxide  of  silver  is  dissolved  ^  Tliis 
reagent  yields  an  immediate  mirror  with  a  liquid  containing  1  ])er 
cent,  of  aldehyde,  and  in  half  a  minute  with  a  solution  containing 
1  in  1000,  while  1  part  of  aldehyde  in  10,000  of  water  yields  a 
yellow-brown  mirror  in  five  minutes.     The  solution  to  be  tested 

'  The  reagent  should  be  freshly  prepared,  as  it  is  liable  to  decompose  mth 
deposition  of  fulminating  silver. 
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should  be  previously  distilled,  as  several  varieties  of  sugar  slowly 
reduce  the  reagent. 

393.  Aldehyde  gives  a  copious  precipitate  of  red  cuprous  oxide 
when  heated  with  Fehling's  solution.  !N either  this  reaction  nor 
that  with  silver  solution  appears  to  be  applicable  for  its  quantitative 
determination. 

394.  Wlien  in  alcoholic  or  aqueous  solution,  aldehyde  is  con- 
veniently detected  by  its  reaction  on  heating  with  caustic  alkali 
When  thus  treated,  the  liquid  becomes  yellow  and  turbid,  and  a 
reddish-brown  resinous  mass  rises  to  the  surface,  the  liquid  emit- 
ting a  highly  disagreeable  odour.  The  solution  contains  a  for- 
ma t  e  and  acetate  of  alkali  metal.  This  formation  of  the  aide 
hy de-resin  is  the  most  characteristic  reaction  of  aldehyde,  and 
has  been  utilised  by  J.  C.  Thresh  (Phwm,  Jour.y  [3]  ix.  409),  for 
its  approximate  determination.  To  effect  this,  1  part  of  pure  alde- 
hyde should  be  diluted  with  200  measures  of  water,  30  measures 
of  a  8yru})y  solution  of  caustic  soda  added,  and  the  whole  heated 
and  kept  at  the  boiling  point  for  .a  few  seconds.  It  is  then  al- 
lowed to  cool,  and  after  two  hours  is  diluted  with  200  measures 
of  warm  methylated  spirit  (free  from  aldehyde),  and  then  made  up 
to  500  measures  by  addition  of  water.  This  solution  is  quite  clear, 
and  of  a  reddish-yellow  colour.  As  it  quickly  alters,  it  is  desirable 
to  make  a  solution  of  bichromate  of  potassium  of  the  same  tint, 
and  employ  that  instead  of  the  original  lic^uid.  To  determine 
aldehyde,  the  liquid  containing  it,  suitably  diluted  and  previously 
distilled  if  necessary,  is  treated  in  exactly  the  same  manner  as  the 
pure  aldehyde,  and  the  colour  of  the  liciuid  obtained  compared  with 
the  standard,  and  the  darker  diluted  with  water  till  the  tints  are 
identical.  The  comparison  is  affected  in  much  the  same  manner 
as  in  Nessler's  method  of  determining  ammonia. 

395.  A  characteristic  property  of  aldehyde,  but  common  to  all 
l)odies  of  the  class,  is  the  formation  of  white  crystalline  compounds 
with  the  acid  sulphites  of  the  alkali  metals.  Thus  : — CgHgOH-}- 
NaHSOg  =  Na(C2H3)S03  +  H2O.  These  compounds  are  more  or  less 
soluble  in  alcohol  and  water,  but  insoluble  in  strong  solutions  of  the 
acid  sulpliites.  Hence,  by  adding  excess  of  acid  sodium  sulphite  to 
an  aqueous  solution  of  aldehyde,  the  latter  substance  may  be  entirely 
separated  as  sodium  ethylidene  sulphite,  and  can  be 
obtained  in  a  free  state  by  distillation  with  a  dilute  mineral  acid 
or  an  alkaline  carbonate. 

396.  Aldehyde  also  combines  with  ammonia,  forming  a  crystal- 
line substance  of  the  fomiida  C2H40,NH3,  or  CH3.CH(NH2).OH 
(amido-ethylic  alcohol),  insoluble  in  ether  and  decomposed  on  dis- 
tillation with  moderately  dilute  sulphuric  acid. 
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397.  Paraldehyde.  CgH^j^y — Tl^is  solid  iK)lyniori(le  of  acet- 
aldehyde  is  produced  l>y  adding  a  minute  quantity  of  hydrochloric 
or  sulphurous  acid  to  ordinary  aldehyde.  Also,  on  adding  a  drop  of 
concentrated  sidphuric  acid  to  aldehyde  violent  ebullition  occurs, 
much  aldehyde  is  volatilised,  and  the  residue  consists  of  paralde- 
hyde. Zinc  chloride  acts  similarly,  but  calcium  cliloride  and 
potassium  acetate  do  not.  Tlie  paraldehyde  may  be  purified  from 
unchanged  aldehyde  by  cooling  the  li({uid  below  0°,  when  the 
crystals  which  separate  are  pressed  b(itween  folds  of  blotting  paper 
and  distilled. 

398.  Paraldehyde  is  a  colourless  liquid,  solidifying  at  10°  C. 
and  boiling  at  124^  The  density  is  0*998  at  ^5^  It  has  a 
pleasant  ethereal  odour,  is  solul)le  in  8|  measiux^s  of  cold  water, 
and  in  all  proi)ortions  of  alcohol  antl  ether.  It  may  be  distilled 
alone  without  change,  but  if  a  small  pro|K)rtion  of  zinc  chloride  or 
sulphuric  or  hydrocldoric  acid  be  present  the  operation  reconverts 
it  into  ordinar}'  aldehyde. 

Paraldehyde  is  employed  ui  niedicine  as  a  substitute  for  cldoral, 
over  which  it  presents  some  advantrfges,  but  has  a  persistent  and 
acrid  after-taste.     Some  conunercial  specimens  are  very  impure. 

399.  Mbtaldehydb,  arCgH^O,  is  another  polymeride  produced 
simultaneously  with  paraldehyde  (see  par.  397).  It  is  insoluble 
in  water,  and  almost  insoluble  in  alcohol  or  ether,  but  dissolves 
somewhat  in  acetaldehyde.  Its  best  solvents  are  hot  cldorofomi 
and  benzene.  At  ordinary  temperatures  the  crystals  are  perma- 
nent in  the  air.  It  is  reconverted  more  or  l(\ss  conq)letely  into 
ordinary  aldehyde  by  repeated  distillation,  or  by  heating  in  a  sealed 
tube  to  110""  to  US'",  and  readily  by  distillation  with  a  little  dilute 
sulphuric  acid.  Pennanganate,  cliromic  acid  mixture,  and  ammonia 
are  without  effect  on  metaldehyde,  but  chlorine  at  once  converts  it 
into  ordinary  chloral.  With  a  hot  strong  solution  of  caustic  ix)tash 
or  soda  metaldehyde  very  slowly  yields  aldehyde-resin,  the  reaction 
being  probably  preceded  by  a  formation  of  ordinary  aldehyde. 

400.  AcBTAL,  CgH^^Og,  has  the  constitution  of  a  di-oxyethyl-acet- 
aldehyde  : — CH3.CH(OC2Hg)2.  It  is  produced  by  the  action  of 
aldehyde  on  alcohol,  and  hence  is  a  constituent  of  crude  spirit  and 
of  the  "  faints  "  obtained  in  the  rectification  of  alcohol.  When 
pure,  acetal  is  a  liquid  of  pleasant  taste  and  odour,  l)oiling  at  about 
105°  C.  and  having  a  density  of  '821  at  22^  C.  By  oxidising 
agents  it  is  converted  into  acetic  acid  and  aldehyde,  and  when 
heated  with  acetic  acid,  it  yields  ethyl  acetate  and  aldehyde.  If  a 
dilute  aqueous  solution  be  treated  with  caustic  soda  and  iodine 
a  clear  colourless  liquid  is  formed,  which  yields  a  dense  precipitate 
of  iodoform  when  acidified.     From  alcohol,  acetal  may  be  separated 
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hy  distillation  over  dry  chloride  of  calcium^  and  from  aldehyde  and 
ethyl  acetate  by  heating  the  liquid  with  strong  solution  of  potash. 

Dimethyl-cuietcd  occurs  in  crude  wood  spirit  (par.  1 1 6),  in  propor- 
tions varying  from  1  to  2  per  cent. 

401.  CHLORAL. 
Trichlor-aldehyde.    C2HCI3O = CCI3.CO.H. 

Chloral  is  obtained  in  practice  by  the  prolonged  action  of  dry 
^  0  chlorine  on  absolute  alcohol.  When  the  liquid  possesses  a  density 
(^  *  14,  of  1*400  it  is  distilled  with  an  equal  weight  of  strong  sulphuric 
acid,  the  fractions  passing  over  below  94°  being  kept  separate,  and 
the  process  stopped  when  the  temperature  rises  to  100°  C.  The 
distillate  is  neutralised  with  chalk  and  again  distilled.  The 
reactions  which  occur  in  the  manufacture  of  cliloral  are  very  com- 
plicated, and  various  secondary  products  are  formed.^ 

^  The  action  of  chlorine  on  absolute  alcohol  results  in  the  formation  of 
aldehyde  and  acetal,  thus :— CjHeO  +  Cl,=C,H40  +  2HCl ;  and  CaH40  + 
2C2HgO  — CaH4(C2H50)a  +  H50.  By  the  continued  action  of  chlorine,  that 
element  replaces  three  atoms  of  hydrogen,  forming  trichlor-acetal,  C2HCI3 
(C2H5O),,  which  may  be  regarded  as  a  compound  of  chloral  with  ether, 
02X10130,(02115)20.  By  reaction  with  the  generated  hydrochloric  acid  this 
yields  chloral  alcoholate,  OjHOlsOjCsHeO,  and  ethyl  chloride,  OgHgOL  Most 
of  the  latter  reacts  with  the  alcohol  present  to  form  ether,  which  is  converted 
by  fresh  chlorine  step  by  step  into  mono-,  di-  tri-,  and  tetra-chlorinated 
ether. 

During  the  subsequent  distillation  with  concentrated  sulphuric  acid,  the 
tetra-chlorinated  ether  and  the  chloral  alcoholate  split  up  into  chloral  and 
ethyl-sulphuric  acid,  as  follows  : — 

C2H5.O.  CoHCl,  +  H2SO4  -  HCl  +  CjHOlsO  +  (C2H5)HS04 
and        C,HCl30,C2H5HO  +  H,S04-  HaO  +  CjHClsO  +  (C2H6)HS04. 

The  ethyl-sulphuric  acid  reacts  with  hydrochloric  acid  to  form  sulphuric 
acid  and  ethyl  chloride,  (C2H5)HS04-f  HCl  =  H2S04-f  (CaHj)^ 

By  the  continued  action  of  chlorine  on  tetra-chlorinated  ether,  a  penta- 
chlorinated  ether  (C2H5.X).02Cl5)  is  produced.  This  body  has  a  density  of 
1  '65,  and  does  not  yield  chloral  when  treated  with  sulphuric  acid.  Hence, 
in  practice,  the  current  of  chlorine  gas  is  interrupted  when  the  liquid  has 
reached  a  density  of  1  '40. 

By  reacting  on  the  ethyl  chloride  formed  in  the  process,  chlorine  produces 
a  whole  series  of  chlorinated  substitution-products  (see  par.  344). 

By  the  chlorination  of  two  associated  molecules  of  aldehyde,  a  substance 
called  butyl-chloral  is  formed,  having  the  formula  C4H5CI3O.  It  is  dis- 
tinguished from  ordinary  chloral  by  its  boiling  point  and  the  melting  point 
of  its  hydrate,  as  well  as  by  the  mode  of  its  decomposition  by  alkalies 
(see  par.  428  ct  seq. ). 

The  occurrence  of  many  or  all  of  the  above  reactions  sufficiently  accounts 
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402.  Anhydrous  chloral  is  a  thin  colourless  oily  liquid,  of  a 
density  of  1'544  at  0^  or  1*502  at  18°  C.  It  boUs  at  94°-4 
and  distils  unaltered.  It  is  soluble  in  ether  or  chloroform  with- 
out change. 

403.  When  kept  for  some  time,  or  when  left  in  contact  with 
moderately  concentrated  sulphiuric  acid,  chloral  is  converted  into  an  in- 
soluble polymeric  modification  called  meta-chloral,  CgHjCl^Oj, 
which  is  insoluble  in  cold  and  but  sparingly  soluble  in  boiling 
water,  and  insoluble  in  alcohol  or  ether  even  when  boiling.  When 
perfectly  pure,  anhydrous  chloral  does  not  become  polymerised,  and 
the  cliange  is  also  said  to  be  prevented  by  addition  of  a  little 
chloroform.  When  heated  to  180°  metachloral  distils  with  rever- 
sion to  liquid  chloral. 

404.  By  the  action  of  aqueous  alkalies  cldoral  yields  chloro- 
form and  a  formate,  thus  : — 

CCl3.COH+KO.H  =  KO.COH+CCl3.H . 

405.  If  an  aqueous  solution  of  chloral  be  heated  to  50°  C. 
with  zinc,  and  very  dilute  acid  gradually  added,  aldehyde 
and  para-aldehyde  are  formed  and  may  be  distilled  off. 
C^ClgO + He  =  3HC1  +  CgH^O. 

When  chloral  is  mixed  with  an  equivalent  quantity  of  absolute 
alcohol  it  is  converted  into 

406.  Chloral  Alcoholate.   C^HyClgOg = C2HCi30,C2HeO. 

This  substance  forms  white  crystals,  which  melt  at  46°  C.  It 
boils  at  11 3° '5  C.  (see  par.  410).  These  properties,  amongst  others, 
distinguish  it  from 

407.  Chloral      Hydrate.        Trichlor-ethylidene     glycol      | 
C2HsCl30,  =  C2HCl30,H20  =  CCl3.CH(OH)2.  .         A    ,     r  cw 

This  important  substance  results  from  the  mixture  of  equivalent  -  ^  '  ^ 
quantities  of  anhydrous  chloral  and  water.  The  mixture  becomes  . ,  CM 
heated  and  solidifies  to  a  mass  of  crystals  of  the  hydrate.  Chloral 
hydrate  is  soluble  in  IJ  times  its  weight  of  water.  It  is  also 
soluble  in  alcohol,  ether,  benzene,  petroleum  spirit,  and  carbon 
tlisulphide.  When  crystallised  from  the  last  solution  it  boils  at 
97°-5  C. 

408.  Wlien  mixed  with  an  equal  weight  of  camphor  or  carbolic 
acid  chloral  hydrate  rapidly  liquefies.  The  liquid  smells  of  both 
its  constituents,  and  does  not  })recipitate  nitrate  of  silver. 

409.  Chloral  hydrate  is  soluble  with  difficulty  in  cold  cliloro- 

for  the  variety  of  the  impurities  sometimes  contained  in  commercial  chloral 
hydrate  and  chloroform.  The  distinction  betweeh  the  different  chlorinated 
oils,  and  their  recognition  in  chloroform,  chloral,  &c.,  can  at  present  be'effected 
but  very  imperfectly. 
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form,  r(K[uiring  four  times  its  weight,  a  fact  whieli  distinguishes  it 
from  the  alcoholati*,,  which  is  readily  soluble  in  chloroform.  The 
distinction  of  chlond  hydrate  from  chloral  alcoholate  is  important, 
as  the  latter  is  said  to  have  been  substituted  for  the  former.  The 
alcoholate  contains  a  smaller  percentage  of  chloral  than  the  hydrate, 
and  its  i)hysiological  effect  appears  to  be  different. 

410.  In  the  following  table  are  given  other  usefid  distinctions 
between  chloral  alcoholate  and  chloral  hydrate : — 


\ 


Chloml  Alcoholate. 

Chloral  Hydrate. 

• 

1. 

Melting  point. 

46^  C. 

48--49'  C. 

2. 

Boiling  point 

113-.')'*    V. 

97-5"  C. 

8. 

Density  of  the  fused  sub- 
stance at  66"  C. 

1-344 

1-67 

4. 

Sp.    gr.    of   the    aqueous 
solution     at     15  •5*'    C. 

5  per  cent. 

1007 

1019 

10        „ 

1-028 

1040 

ir>      ,, 

1-050 

1062 

20 

1071 

1-085 

5. 

Gently  heated  witli  nitric 
acid  of  1  "2  sp.  gr. 

Violently  attacked. 

Scarcely  acted  on. 

6. 

Shaken    with     an    equal 
volume   of   strong   sul- 
phuric acid. 

Brown  coloration.' 

No  visible  change. 

7. 

Warmed  with  two  volumes 

Melts  without  com- 

Readily diasolved. 

of  water. 

plete  solution,  and 
on    cooling    con 
geals     btdow     the 
surface. 

8. 

Heated  on  platinum  foil. 
With  alkali  and  iodine. 

Inflames  readily. 

Scarcely  burns. 

9. 

Gives  iodoform. 

Gives  no  iodoform 

Chloral  hydrate  and  alcoholate  should  be  completely  volatile. 
Their  acpieoiis  soKitions  should  be  perfectly  neutral  to  litmus. 

411.  An  a({ueous  solution  of  chloral  hydrate  gives  no  reaction 
with  silver  nitrate  in  the  cold,  but  when  the  liquid  is  heated  to 
boiling,  and  a  few  drops  of  ammonia  added,  a  metallic  mirror  is 
readily  produced.  If  kept  some  time,  chloral  hydrate  contains  a 
trace  of  hydi\)cldoric  acid,  and  the  solution  in  water  then  gives  a 
cloud  \vith  nitrate  of  silver;  the  production  of  a  distinct  precipi- 
tate indicates  serious  impurity. 

412.  Wlien  the  water  of  hydration  is  in  excess,  chloral  hydrate 
is  deliquescent,  and  in  warm  weather  even  melts.     Hence  it  is  now 

^  Other  imparities  besides  the  alcoholate  cause  a  darkening  with  sulphuric 
acid. 
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generally  made  slightly  deficient  in  hydration.  If  more  than  a 
shade  short  of  being  fully  hydrated  the  product  has  a  tendency 
to  become  acid,  and  ultimately  partially  insoluble  from  formation  of 
metachloral. 

413.  The  solidifying  point  of  melted  chloral  hydrate  is 
an  indication  of  some  value.  The  sample  should  be  placed  in  a  small 
test-tube,  fused,  and  the  tube  immersed  in  water  at  aljout  55°  C 
A  thermometer  is  placed  in  the  chloral,  and  the  temperature  at 
which  the  liquid  becomes  o]mlescent  noted.  The  best  cliloral 
hydrate  solidifies  at  about  48°  to  49°  C,  and  the  best  pracHcaJft/ 
adjusted  specimens  within  half  a  degree  of  50°  C.  A  low  freezing 
point  indicates  excess  of  water,  and  such  specimens  are  liable  to 
deliquesce.  Small  granular  crystals  and  saccharoid  masses  are 
purer  than  large  crystals  or  needles. 

414.  The  boiling  point  of  chloral  hydrate  is  also  of  service 
as  a  test  of  purity.  Tlie  sample  should  be  placed  in  a  test-tube  with 
some  broken  glass.  With  a  pure  sample,  rapid  boiling  will  com- 
mence at  97°  C,  and  the  temperature  will  not  vary  very  much  till 
fully  one-half  has  been  volatilised.  Chloral  hydrate  apj)ears,  how- 
ever, to  undergo  slow  decomposition  at  its  boiling  point,  so  that  the 
first  portions  of  the  distillate  are  under-hydrated,  and  the  last  over- 
hydrated.  The  boiling  point  consequently  undergoes  a  gradual 
rise.  The  best  commercial  specimens,  t.^.,  those  slightly  imder- 
hydrated,  begin  to  boil  throughout  the  liquid  at  about  96°'5  C. 
The  under-hydrated  portion  boils  oif  in  a  few  seconds,  and  the 
boiling  point  rises  to  97°  C,  and  finally  to  97°*5  or  98°  C,  by  the 
time  half  the  liquid  has  boiled  oif.  A  boiling  point  alx)ve  98°  C. 
indicates  an  over-hydrated  and  deliquescent  sample.  If  the  boiling 
fairly  commences  below  95°  C,  the  sample  is  too  much  under- 
hydrated,  and  is  liable  to  decompose  on  keeping. 

415.  Detection  and  Determination  of  Chloral. 

Valuable  as  chloral  hydrate  is  as  a  sedative  and  hypnotic,  fatal 
poisoning  by  it  is  not  uncommon.  In  such  cases  it  may  be  detected 
by  the  same  means  as  chloroform  (par.  425),  into  which  it  appears 
to  be  converted  in  the  system. 

Solutions  of  chloral  reduce  Fehling's  solution  on  heating.     Tlie    i 
reaction   may   be  employed  to  detect  traces  of   chloral  if   other    I  *^ 
reducing    substances   be    absent,    and   might   probably  be    made 
quantitative. 

Traces  of  clUoral  may  be  detected  by  Hofmami's  delicate  test 
for  chloroform  (see  par.  425,  a) ;  also,  by  boiling  the  liquid  and 
passing  the  vapour  through  a  red-hot  tube,  when  hydrochloric  acid  \  / 
will   be  formed,  and  hence  the  condensed  water  will  precipitate  I 
silver  nitrate. 
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416.  a.  For  the  determination  of  real  cJUarcU  in  com- 
mercial samples  of  the  hydrate  advantage  may  be  taken  of  its 
reaction  with  alkalies,  which  results  in  the  separation  of  chloroform 
and  the  production  of  an  alkaline  formate : — 

CgHClsOjHoO  +  NaHO  =  NaCHOg + HoO  +  CHCls . 

K.  Miiller  places  25  grammes  of  the  sample  in  a  finely-graduated 
tube,  and  then  adds  a  strong  solution  of  caustic  potash,  in  quantity 
rather  more  than  sufficient  for  the  above  reaction.  A  large  excess 
of  alkali  must  be  avoided.  The  tube  must  be  kept  well  cooled,  as 
the  action  is  very  violent  at  first.  Afterwards,  the  tube  may  be  closed 
and  the  mixture  shaken.  After  resting  an  hour  or  two  the  liquid 
becomes  clear,  and  separates  into  two  layers.  The  lower  layer  is 
chloroform,  and,  after  being  brought  to  a  temperature  of  17**  C.,  the 
volume  may  be  read  off.  Its  density  is  1'491,  and  hence  the 
measure  of  chloroform  in  cc,  multiplied  by  1*84,  gives  the 
grammes  of  anhydrous  chloral  in  the  quantity  of  the  sample  em- 
ployed. If  the  factor  2*064  be  substituted,  the  product  will  be 
the  weight  of  chloral  hydrate  present.  Miiller  obtained  by  this 
process  an  average  of  71*6  per  cent,  of  chloroform  from  pure 
chloral  hydrate,  against  72*2  per  cent,  as  required  by  theory. 

b,  C.  H.  Wood  {Pharm.  Jour,  [3]  i.  703)  distils  the  sample  of 
chloral  hydrate  with  milk  of  lime.  10  grammes  weight  of  the 
sample  is  dissolved  in  50  cc.  of  water  contained  in  a  small  flask, 
and  4  grammes  of  slaked  lime  is  added.  A  cork  with  a  tube  bent 
twice  at  right  angles  is  adapted  to  the  flask,  the  outer  end  of  the 
tube  being  somewhat  drawn  out  and  immersed  in  a  small  quantity 
of  water,  contained  in  a  narrow  graduated  glass  tube  surroifnded 
with  cold  water.  A  gentle  heat  is  applied  to  the  flask,  and  the 
chloroform  slowly  distilled  over.  After  a  few  minutes  the  heat  is 
gradually  increased,  so  as  to  keep  the  mixture  boiling,  the  opera- 
tion l>oing  continued  till  10  cc.  measure  has  passed  over.  Nothing 
remains  but  to  bring  the  chloroform  to  the  proper  temperature  and 
read  ott'  the  volume.  The  addition  of  a  few  drops  of  potash  solu- 
tion desti*oys  the  meniscus  of  the  chloroform,  and  enables  the 
operator  to  observe  the  measure  accurately.  The  process  does  not 
occupy  more  than  a  quarter  of  an  hour.  Too  much  lime  occasions 
frothing,  but  an  excess  appears  to  have  no  decomposing  action  on 
the  chloroform.  Lieben's  iodoform  test  for  alcoholate  is  readily 
applied  to  the  aqueous  portion  of  the  distillate.  The  writer  has 
found  this  plan  convenient  and  fairly  accurate.  A  correction  may 
advantageously  be  made  for  the  slight  solubility  of  chloroform. 
This  is  about  0*3  cc.  for  every  100  cc.  of  aqueous  liquid. 

c.  A  very  simple  and  accurate  modification  of  the  above  process 
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for  assaying  chloral  hydrate  has  been  suggested  by  M.  Meyer,  and 
has  given  the  writer  very  satisfactory  results.  It  has  the  advan- 
tage of  being  applicable  to  very  moderate  quantities  of  material. 
1  or  2  grammes  of  the  sample  shoidd  be  dissolved  in  water,  and  any 
free  acid  which  may  be  present  removed  by  sliaking  the  liquid  with 
chalk  or  barium  carbonate  and  subsequently  filtering.  The  filtrate 
is  then  treated  with  a  moderate  excess  of  normal  caustic  soda,  and 
titrated  back  with  acid  in  the  usual  way,  litmus  being  used  as  an 
indicator.  Each  cc.  of  normal  alkali  neutralised  by  the  sample 
corresponds  to  '1475  gramme  of  real  chloral  (CgHClgO),  or  '1655 
gramme  of  chloral  hydmte. 

Other  processes  of  assaying  chloral  hydrate  have  been  based  on 
its  decomposition  by  ammonia  and  on  its  conversion  into  anhydrous 
chloral  by  sulphuric  acid,  .but  they  are  more  liable  to  error,  and  are 
in  no  way  superior  to  the  methods  already  described. 

417.  Trichlor-acbtic  Acid,  HC2CI3O2,  is  a  product  of  tlie 
action  of  oxidising  agents  on  chloral  When  equivalent  quantities 
of  chloral  hydrate  and  potassium  pennanganate  are  cautiously 
mixed  in  concentrated  solution,  potassium  trichlor- 
acetate  is  formed,  and  may  be  obtained  in  wliite  silky  crystals 
by  filtering  and  evaporating  the  liquid.  By  the  action  of  alkalies, 
trichlor-acetic  acid  yields  chloroform  and  a  carbonate,  and  responds 
to  all  other  tests  for  chloral  dependent  on  its  conversion  into 
chloroform. 

418.  Butyric   Chloral.     Butyl    Chloral.     Butyric 

trichlor-aldehyde.  ErroneoH^It/,  Croton  chloral.  C4H^Cl3()  = 
CgH^Clj-COH.  Wlien  clilorine  is  passed  into  aldehyde,  this  sub- 
stance is  formed  in  addition  to  ordinary  chloral.  It  bears  the  same 
relation  to  butyl  alcohol  and  butyric  acid  that  ordinary  chloral 
bears  to  ethyl  alcohol  and  acetic  acid. 

Butyl  chloral  was  at  first  called  croton  chloral,  the  hydro- 
gen being  under-estimated,  which  led  to  the  supposition  that  it 
was  the  trichlorinated  aldehyde  of  croton  ic  acid,  C^H^Og, 
the  fourth  member  of  the  acrylic  or  oleic  acid  series. 

Butyric  chloral  is  a  dense  oily  liquid  of  peculiar  odour,  boiling 
at  about  163°  C.  When  treated  with  a  considerable  excess  of 
warm  water  it  dissolves,  and  on  cooling  deposits 

Butyric  or  Butyl  Chloral  Hydrate,    C^H5Cl30,H2C). 

419.  This  substance  forms  white  silvery  crystalline  scales  melting 
at  78°  C,  and  having  a  sweetish  melon  flavour.  The  specific 
gravity  is  1*695,  that  of  solid  chloral  hydrate  being  1  '818.  Butyric 
chloral  hydrate  is  but  little  soluble  in  cold  water,  but  more  so  in 
hot.  Its  solubility  is  increased  by  addition  of  glycerin.  It  is  very 
soluble  in  alcohol  and  ether,  but  insoluble,  or  nearly  so,  in  chloro- 
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form.  This  last  property  may  Ik;  employed  to  separate  it  approxi- 
mfitely  from  ordinary  chloral  hydrate.  It  differs  also  from  the  latter 
Ixnly  in  its  melting  and  boiling  i>oint.  The  two  bodies  may  also 
be  s(;parated  by  distillation,  ordinary  chloral  hydrate  passing  over 
a  little  })elow  100*',  while  butyric  chloral  hydrate  is  decomposed  into 
water,  which  distils  at  about  100'',  and  anhydrous  butyric  cldoral 
boiling  Jit  jil)out  163°  C. 

When  acted  on  by  alkalies,  butyric  chloral  hydrate  is  at  first 
decomposed  with  production  of  a  formate  and  propylic  chloro- 
form, C3H-CI3,  but  this  again  splits  up  with  formation  of 
a  cldoride  of  alkali-metal  and  dichloride  of  allylene, 
CgH^CL).  It  is  to  the  production  of  the  last  substance  that  the 
curious  and  valual)le  medicinal  effects  of  butyl  chloral  are  chiefly 
due. 

420.  Dichloride  of  Aij.ylene  is  very  mistable,  being  gradually 
decomjxjsed,  even  at  ordinary  temperatures,  and  acquiring  an  acid 
wiaction  and  disagreeable  odour.  The  proneness  to  change,  so 
marked  in  mmv  samples  of  commercial  chloroform,  and  the  remii- 
ness  with  which  the  latter  decomposes  and  becomes  acid,  are  pro- 
perties not  impro})ably  due  to  the  presence  of  dichloride  of  allylena 
Its  presence  is  j)robably  <lue  to  the  existence  of  aldehyde  in 
the  crude  alcohol  used  for  the  preparjition  of  the  chloroform.  By 
the  action  of  cldorine  the  aldehyde  is  converted  into  butyl  chloral, 
and  this,  by  subsequent  contact  with  the  chalk  used  for  neutralisa- 
tion, gives  dichloride  of  allylene. 

421.  CHLOROFORM. 
Trichloro-methane.  Methenyl  trichloride.  CHCI3. 

Chloroform  is  generally  manufactured  by  distilling  dilute  alcohol 
with  hypochlorite  and  hydrate  of  calcium  (bleaching  powder  and 
slaked  lime).  A  complicated  reaction  ensues,^  and  the  product 
le^piires  careful  purification  for  the  removal  of  secondary  pro<lucts. 
(yhlorofonn  is  also  i)repared  by  distilling  chloral  hydrate  with  dilute 
alkali,  when  the  following  reaction  occurs  : — 

C2HCl30,H.,0  +  XaHO  =  NaCHO^-f  H2O+ CHCI3 . 

Chloral  hydrate.  Sodlnxn  funnate.  Chloroform. 

^  The  production  of  ublorofomi  by  the  action  of  bleaching  powder  on 
alcohol  may  be  represented  by  the  equation  : — 4C2HgO  +  16CaCl20  =  2CHCl3  + 
3Ca(CH02).j  +  18CaCl2  +  8H20.  Recent  researches,  however,  have  sbown  that 
the  reactions  which  occur  in  practice  are  far  more  complicated  (see  note  on 
{Nige  170).  It  is  probably  on  this  account  that  pure  methyl  alcohol  yields  no 
cldorofonn  on  treatment  with  chlorine  and  an  alkali.  Acetone,  on  the  other 
hand,  may  be  substituted  for  alcohol  in  the  preparation  of  chloroform. 
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The  product  is  purified  by  treatment  with  strong  sulphuric  acid 
or  an  alkaline  solution  of  potassium  i)ermanganate. 

It  is  extremely  probable  that  the  dangerous  and  fatal  effects 
occasionally  attending  the  administration  of  chloroform  are  due  to 
impurities  in  the  commercial  article.  Hence,  the  careful  pre- 
paration and  thorough  purification  of  chloroform  are  of  great 
importance. 

422.  Chloroform  is  a  colourless  limpid  liquid,  of  peculiar  odour, 
and  sweet  but  somewhat  burning  taste.  The  anassthetic  effects 
produced  by  inhaling  its  vapour  are  well  known.  Pure  chloroform 
is  not  combustible,  but  when  mixed  with  alcohol  it  bums  with  a 
smoky  flame  edged  with  green. 

423.  The  density  is  1*500  at  15°  C.  and  the  boiling  point 
60° '8.  According  to  Thorpe,  the  reduced  and  corrected  boiling 
point  of  chloroform  is  61°'2,  and  the  density  at  0^  C.  1*5266,  com- 
pared with  water  at  the  same  temperature. 

424.  Chloroform  is  almost  insoluble  in  water  ('44  granmies  in 
100  C.C.),  to  which,  however,  it  imparts  a  sweet  taste.  It  is 
miscible  in  all  proportions  with  absolute  alcohol,  ether,  benzene, 
and  petroleum  spirit.  It  is  soluble  to  a  limited  extent  in  aqueous 
alcohol. 

Chloroform  possesses  remarkable  solvent  properties,  dissolving 
many  organic  bases,  fats,  wSix,  resins,  camphor,  india-rubber,  gutta- 
percha, pitch,  iodine,  bromine,  and  phosphorus. 

Many  important  properties  of  chloroform  are  described  on  page 
179,  et  seq. 

425.  Dbtbotion  and  Determination  of  Chloroporm. 

As  a  nde,  the  detection  of  chloroform  itself  is  less  important 
than  the  recognition  and  estimation  of  otlier  substances  in  presence 
of  chloroform. 

a.  A  very  delicate  method  for  the  detection  of  chloroform  in 
presence  of  large  quantities  of  alcohol  has  been  described  by  A.  W. 
Hofmann.  All  that  is  necessary  is  to  add  some  alcoholic  soda  and 
J I  little  aniline  to  the  li<iuid  to  be  tested.  Either  immediately 
or  on  gently  warming  the  mixture,  a  strong  and  peculiar  smell 
will  be  observed,  due  to  the  formation  of  benzo-isonitrile 
(phenyl  isocyanide),  C^HgN.  Bromoform  and  iodoform  give  the 
same  reaction,  as  also  do  cliloral,  triclilor-acotic  acid,  and  all  other 
bodies  which  yield  either  of  the  above  products  by  treatment 
with  alkalies.  On  the  other  hand,  e  t  h  y  1  i  d  e  n  e  chloride, 
CgH^Clg,  gives  no  isonitrile  under  the  same  conditions.  The  test 
is  so  delicate  that  one  part  of  chlorofonu  dissolved  in  5000  parts 
of  alcohol  may  be  detected  with  certainty  by  means  of  it. 

6.  The  reduction  of  Felding's  alkaline  copper  solution  is  also  a 
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good  and  delicate  test  for  chJorofonn,  with  whicli  it  react*  thus : — 
CHCl3+5KnO  +  2CuO  =  CUjO  +  KjCO;,  +  3KCl  +  3HsO. 

When  tho  solution  is  hcalwl,  the  lommtion  of  the  yellow-red 
cupnjufi  oxide  occura  very  promptly.  The  reaction  might  probably 
be  need  for  the  determination  of  chloroform  in  the  absence  of  otbei' 
reducing  agents,  especially  if  the  test  were  applied  to  a  liquid 
obtained  by  distillation.  Chlor-ethylidene  and  alcohol  do  not 
interfere  with  the  test. 

c.  When  chloroform  vapour  mixed  with  hydrogen  ie  paaeed 
through  a  red-hot  tube,  it  is  decomposed  with  productioo  ot 
hydrochloric  acid.  This  fact  may  be  employed  for  the  detecLiua  < 
and  catimation  of  chloroform.  The  sample  should  be  boiled  in  a 
small  flask  through  which  a  current  of  hydrogen  is  allowed  to  paaa. 
The  mixed  hydrogen  and  chloroform  vapour  are  then  caused  ta 
traverae  a  short  length  of  heated  comlnistion  tube  oontai&ing 
platinum  wire-gauze. 

The  products  of  the  reaction  are  cflllectcd  in  a  bnlb-tube  con- 
tainuig  water,  and  tho  hydrochloric  acid  produced  is  titral«d  vUik 
standard  alkali,  or  precipitated  with  nitrate  of  silver.  109'5  poila 
of  hydrocldoric  acid,  or  430"5  of  chloride  of  silver,  represent  119"6 
of  chloroform.  Eerthelot  points  out  that  the  reaction  with  silvec 
is  apt  to  be  vitiated  by  the  presence  of  acetylene  and  liydrocysDic 
acid,  and  recommeads  that  the  aqueous  solution  of  the  gases  should . 
be  well  boiled  before  adding  silver  nitrate. 

This  process  is  especially  useful  for  the  determination  of  saiaU . 
quantities  of  chloroform  cflntaincd  in  other  non-chlorinated  liquids  , 
It  may  be  employed  for  the  detection  and  estimation  of  chlorofomi' 
in  blood.  When  its  detection  only  is  rcqiured,  a  current  of  ajr 
may  be  substituted  for  the  hydrogen.  There  is  no  occasion  to  heat 
the  blood. 

d.  Vitali  suggests  that  the  mixture  of  hydrogen  with  chlorofona 
vapour  obtained  as  in  the  last  reaction  should  be  submitted  tO' 
Hofmann's  isonitri!e  reaction  (test  a),  or  passed  through  a  fredify; 
prepared  mixture  of  thymol  and  solid  caustic  potassa,  when  i£ 
chlorofomi  be  prcsont  the  mixture  will  be  coloured  a  fine  teddiab- 
violet. 

e.  When  chloroform  is  added  to  a  solution  of  a-  or  ^8-  naphthol 
in  strong  caustic  potash,  and  the  liquid  is  heated  to  about  £0°  C,  K 
fine  Prussian  blue  colour  is  developed,  changing  in  contact  with  the 
air  to  blue-green,  green,  green-brown,  and  finally  brown. 

Chloral  and  chloral  hydrate  resemble  chloroform  in  their  b&- 
haviouT  with  naphthol. 

426.  Commercial  Chloroform. 

Many  specimens  of  commercial  chloroform  umleryo  more  or  less 
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uliaoge  on  keeping.  Accunliug  to  Pereoniie,  samjiles  Uuble  to  altem- 
tioii  always  contain  uhloro-carbouic  ether,  CiHfiO^Gi.. 
The  change  has  also  been  uttribvtted  to  the  prosence  of  dichloride 
of  allyleno.  At  any  rate,  certain  specimens  of  chlorofonn, 
originally  of  good  quality,  on  keeping  beconie  impregnated  with 
hydrochloric,  hy pochlorous,  and  formic  acids.  J. 
Bc^auld  has  f ouud  tlmt  carbon  oicychloride,  COClj,  was 
readily  produced  by  the  action  of  on3nised  air  on  chloroform,  and 
considers  the  accidental  presence  of  this  body  in  chloroform  very 
common.  He  has  also  fotmd  that  very  carefully  prepared  chloro- 
form L-an  be  kept  unchanged  if  exposed  to  air  or  light  simply, 
but  that  the  ccnubined  action  of  air  and  light  rapidly  afiecta  the 
purity  of  the  preparation.  The  change  is  entirely  prevented  by 
tlw  addition  of  0"1  per  cent,  of  alcohol,  which  is  said  to  be  more 
efBcacioiiti  than  a  larger  proportion. 

In  additdou  to  the  impurities  resultant  from  decomposition  by 
keeping,  commercial  chloroform  may  contain  alcohol,  alde- 
hyde, and  various  chlorinated  oils.  These  last  are  very 
oqurious  and  evtm  poisonous,  and  are  detected  and  eliminated 
irith  considerable  lUfficulty,  Other  products  mny  be  present  if 
the  alcohol  employed  for  the  monufticture  of  the  chloroform  con- 
tained methyl  or  amyl  compounds,  Methylic  alcohol 
is  generally  snpposed  to  be  capable  of  forming  chloroform,  but, 
froaa  exjierimeiits  on  the  perfectly  pure  substance,  this  notion 
seems  to  have  been  disproved.  Alcohol  and  aldehyde  are  some- 
timee  added  to  chlorofoim  in  very  considerable  proportions.  The 
adulteration  of  chloroform  with  ethnr  and  acetic  ether  has 
also  been  practised, 

437.  Free  chlorine  and  hypochloroua  and  hydrochloric  aeidn  in 
chloroform  may  be  recognised  by  shaking  the  sample  with  a 
solalioD  of  nitrate  of  silver,  which  in  presence  of  either  of  the 
above  impurities  will  produce  a  white  precipitate,  whereas  chloro- 
form itself  gives  no  reaction  witli  silver  nitrate,  either  in  aq\teoU8 

alcoholic  solution.     If  the  piecipitatc  blacken  on  beating  the 

of  aldehyde  or  /ontiic  acid  is  indicated,     Fj«e  chlorine 

hypoohlorous  acid  ore  distinguished  from  hydrochloric  acid 

'thdr  i>ower  of  bleaching  instead  of  merely  reddening  litmns, 
and  by  liberafaiig  iodine  from  a  solution  of  pure  iodide  of  potassium 
when  the  sample  is  shaken  with  it.  The  liberated  iodine  colours 
tho  chloroform  reddish-violet. 

42.-!.  Dichloride  of  Ethijlmf,  Cgll^Cla,  may  be  detected  in 
chloroform  by  drying  the  sample  by  agitation  with  dry  carbonate 
of  potassium,  and  then  aildiug  mptaliic  potassium.  This  does  not- 
act  on  pure  chloroform,  but  in  presence  of  the  above  impurity 
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it  proiluteB  chlor-ethylonL-,  CjHjCl,  a  gas  of  an  alliaceous 
odour.  It  is  very  douhtful  wliL-thor  the  aubstaiice  in  chloroform 
of  the  fonmda  CjHjCla  is  always  dichloride  of  ethylene.  It  is 
protiahly  more  frequently  the  jgomor  ethylidene  chloride, 
CH3.CHCIs  (see  par.  346). 

429.  The  presence  of  elhyl  chloride,  C^HjCI,  in  cUorofortn  il 
best  recognised  by  distilling  the  sample  with  water  in  a  water-bath. 
The  fiiBt  jwrtiona  of  the  distiiUtc  will  have  u  dtatinft  smell  of  the 
foreign  body, 

430.  "Methylated  Chloropobm"  is  chloroform  prepared  hom 
wood  spirit,  or  methykte^I  spirit.  It  is  a  mistake  to  auppose  that 
methylated  chlurnfomi  has  received  an  actual  addition  of  wood 
spirit,  but  such  chloroform  is  liable  to  be  much  less  pure  than 
that  obtained  solely  from  ethylic  alcohol.  Chloroform  prepared 
from  methylated  spirit  is  more  difficult  to  purify  than  that  made 
from  pure  alcohol,  but  a  product  is  now  manufactured  from  the 
former  source  which  appears  to  be  equal  in  all  respects  to  the- 
dearer  article. 

Imperfectly  purified  methylated  chlorofomi  is  BjJecifically  lighter 
than  the  pure  substanci!,  has  an  empyreumatic  odour,  and  producea 
disagreeable  sensations  when  inlialed.  In  some  eases  such  t^oro^ 
form  seems  actually  poisonous,  and  produces  gpneral  and  r^id. 
prostration.  Such  impure  chloroform  contains  several  unite  pwl 
cent  of  a  ehlorinatrd  oil,  lighter  than  water  and  boiling  at  a  much' 
higher  temperature  than  cliloroform.  A  similar  but  difTexent  oil 
(heavier  than  water)  is  sometimes  contained  in  much  sta 
quantity  in  chloroform  prepared  from  alcohol  containing  no  methyl 
compounds. 

431.  Chloroform  is  not  soluble  in  strong  sidphuric  add,  and, 
when  pure,  is  not  acted  on  until  after  the  lapse  of  soma  time] 
when  shaken  with  tliat  reagent  Any  darkening  of  the  acid  which 
occurs  may  be  due  to  the  presence  of  aldehyde,  teood  spirit,  chlariua 
ated  oils,  &c.  Pure  chloroform  floats  on  strong  sulphuric  acid  ¥  *  " 
a  contact-surface  convex  downwariU,  but  if  impure  gives  a  plana 
contact^urface, 

432.  The  boiling  point  of  chloroform  is  a  valuable  indicAn 
tion  of  its  purity.  Pure  chloroform  boils  at  60°'8  C  The  pre? 
seuce  of  J  per  cent,  of  alcohol  reduces  the  boiling  point  to  59'''8  (», 
60°  C.  A  boiling  ]ioint  higher  than  Gl"  C.  indicates  the  presenoe 
of  amy!  or  butyl  eovtpounde.  In  some  cases  the  boiling  point  of 
the  kst  jxtrtions  distilled  is  as  high  at  70"  C. 

Pure  chloroform  volatilises  entirely  without  dis^reeable  smelL 
The  impurities  are  generally  less  volatile.  Many  kinds  of  im- 
purity iu  cldoroform  may  be  readily  recognised  by  the  disagreeable 
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odour  left  on  the  evaporation  of  the  sample  from  a  cloth  or  filter- 
paper  soaked  with  it. 

433.  Pure  chloroform  is  not  visihhj  altered  when  heated  with 
solution  of  potassa,  though  it  is  slowly  acted  on  ^\^th  fonnation  of 
a  formate  and  chloride  of  the  alkali  metal.  In  alcoholic  solution 
this  reaction  occurs  rapidly.  In  presence  of  aldehyde  or  acetone 
the  solution  of  potassa  becomes  coloured  brown. 

434.  Any  considerable  admixture  of  efher  with  chloroform 
would  be  indicated  by  the  inflammability  and  diminished  density 
of  the  liquid. 

435.  Perfectly  pure  chlorofonn  does  not  change  the  colour  of  an 
alkaline  solution  of  permanganate  of  potassium  from  violet  to  green 
"within  half  a  minute,  but  as  the  change  is  caused  by  alcohol 
equally  with  more  objectionable  impurities,  the  reaction  has  little 
practical  value. 

436.  The  most  delicate  test  for  the  presence  of  alcohol  in 
chloroform  is  that  of  A.  Liebcn,  as  modified  by  Hager.  The 
sample  should  be  agitated  with  five  measures  of  water,  the  liquid 
passed  through  a  wet  filt<?r,  and  the  filtrate  examined  as  described 
in  par.  151,  c. 

437.  Caustic  potash  is  quite  insoluble  in  dry  chloroform,  but 
dissolves  sensibly  in  presence  of  water  or  alcohol.  If,  therefore,  a 
piece  of  stick  potash  be  fused  on  a  loop  of  platinum  wire,  and 
introduced  into  some  of  the  chloroform  contained  in  a  dry  test- 
tube,  the  liquid  will  not  acquire  the  power  of  turning  red  litmus 
paper  blue,  unless  water  or  alcohol  be  present.  If  more  than  a 
trace  of  alcohol  be  present,  the  decanted  chloroform,  when  shaken 
with  water,  yields  a  liquid  which  gives  a  blue  i>recipitate  with  a 
solution  of  sulphate  of  copper.  To  use  this  test  with  certainty 
to  distinguish  between  water  and  alcohol,  the  sample  must  be  first 
shaken  with  recently-ignited  potassium  carbonate.  This  treatment 
will  remove  water  but  not  alcohol,  so  that  if  the  chloroform  still 
possesses  the  power  of  dissolving  caustic  potash  alcohol  must  be 
present. 

438.  Oudemanns  (Zettsch.  Anal.  Chr/n.,  xi  409)  determines 
the  proportion  of  alcohol  contained  in  commercial  chloroform 
by  shaking  10  c.c.  of  the  sample  in  a  flask  with  an  excess 
of  pure  dry  cinchonine.  The  flask  is  kept  for  an  hour  at  a 
temperature  of  17°  C,  with  frequent  agitation.  The  liquid  is 
then  passed  through  a  dry  filter,  and  5  c.c.  of  the  filtrate 
evaporated  to  dryness  in  a  small  hand  beaker.  The  follow- 
ing are  the  number  of  milligrammes  of  residual  alkaloid  yielded 
by  5  c.a  of  chloroform  containing  various  proportions  of 
alcohol : — 
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Residue. 

t 

Alcohol. 
Per  cent. 

Residue. 

AlcohoL 

MilUgraiumea. 

MilliKrainmet. 

Percent. 

21 

0 

260 

6 

67 

1 

290 

7 

111 

2 

318 

8 

152 

3 

348 

9 

190 

4 

846 

10 

226 

5 

1 

439.  Stoedeler  has  suggested  fuchsine  for  detecting  alcohol  in 
chloroform.  The  sample  becomes  coloured  red  if  alcohol  be  pre- 
sent, the  depth  of  colour  varying  with  the  proportion  of  alcohol. 
The  author  found  (Analyat,  u.  97)  that,  even  after  agitation  with 
chloride  of  calcium,  the  chloroform  became  coloured  on  adding 
fuchsine,  but  by  agitating  the  sample  with  one-fifth  of  its  bulk  of 
strong  sulphuric  acid,  and  subsequently  removing  traces  of  the 
latter  by  shaking  with  dry  precipitated  carbonate  of  barium,  the 
chloroform  was  obtained  so  pure  as  to  give  only  a  very  slight 
coloration  with  fuchsine.  This  purified  chloroform  could  then  be 
used  in  a  similar  manner  to  the  ether  in  par.  282,  for  determining 
small  proportions  of  alcohol  in  chloroform.  Chloroform  may  also  be 
purified  from  water,  alcohol,  and  ether  by  agitating  with  sulphuric 
acid  as  above,  separating  the  acid,  shaking  the  chloroform  with 
a  strong  solution  of  sodium  carbonate,  and,  lastly,  distilling  it  over 
freshly  burnt  lime. 

440.  When  the  quantity  of  alcohol  in  chloroform  exceeds  1  or 
2  per  cent.,  the  proportion  may  be  determined  with  tolerable  ac- 
curacy by  shaking  20  c.c.  of  the  sample  in  a  graduated  tube  with 
80  C.C.  of  water.  If  the  chloroform  be  pure  it  will  sink  to  the 
bottom  in  clear,  globules,  but  in  the  presence  of  alcohol  the  liquid 
and  the  surface  of  the  drops  will  become  dim  and  opalescent. 
The  reduction  in  the  volume  of  the  chloroform  shows  the  proportion 
of  alcohol  in  the  amoimt  taken.  The  addition  of  a  few  drops  of 
solution  of  potassa  destroys  the  meniscus,  and  enables  the  volume 
to  be  read  more  ac^curately.  The  aqueous  liquid  may  be  tested  for 
sulphuric  acid  by  barium  chloride ;  for  free  chlorine  or  hypo- 
chlorous  acid  by  starch  and  iodide  of  potassium  ;  for  hydrochloric 
acid  by  silver  nitrate ;  and  the  presence  of  alcohol  definitely  proved 
by  the  iodoform  test. 

441.  The  proportion  of  alcohol  present  in  chloroform  can  in 
some  cases  be  ascertained  from  the  density.  According  to 
C.  Reroys  (Arrhiv.  dei*  Pharm.y  [3]  v.  31)  pure  chloroform  has  a 
density  of  1*500  at  15"  C,  the  presence  of  ^  per  cent,  of  alcohol 
reducing  the  density  by  002,  and  J  per  cent,  by  '008.     According 
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to  A.  H.  Maiir>n,  chlomfonu  coataining  1  per  cent,  of  alcohol  hu 
a  density  of  1-497  at  15''-5  C.  The  chlDrotorm  of  the  British 
PharmacopoBia  has  a.  density  of  1'49.  Chloroform  containing 
amyl  or  hntyl  coraiwunda  has  a  higher  density  than  1-500. 

442.  Spirit  of  Ghlorofobu,  B.P,,  ia  a  solution  of  chloroform 
ill  19  ineaaures  of  rectified  spirit  (55"  O.P.)  anil  ehonld  have  a 
density  of  "871.  A  lower  specific  gravity  may  be  due  to  deficiency 
of  chloroform  or  to  the  use  of  spirit  of  60°  O.P.  "Chloric 
Ether"  is  a  apirituoua  solution  of  chloroform  of  very  varying 
strength. 

The  pwportion  of  chloroform  present  in  spirit  of  chbroform, 
"chloric  ether,"  and  similar  preparations,  may  ba  ascertained  with 
accuracy  by  introducing  into  a  narrow  graduated  tube  30  c.c.  of  the 
sample  and  30  cc.  of  dilute  sulphuric  acid  (1  to  6)  coloured  with  a 
little  fnchsine.  A  cork  is  then  inserted  and  the  contents  of  the 
tube  thoroughly  shaken.  When  the  chloroform  has  separated,  the 
tnbe  is  tapped  to  cause  any  floating  globules  to  sink,  and  about 
10  C.C  of  petroleum  spirit  is  cautiously  poured  on  the  surface  of 
the  acid.  The  cork  is  reinserted,  and  the  volume  of  petroleum 
spirit  employed  is  carefully  noted,  when  the  contents  of  the  tuba 
are  well  mixed  by  agitation.  After  separation  the  volume  of 
petroleum  spirit  is  again  observed,  when  its  increase  will  be  duo 
to  the  dissolved  chloroform.  Better  results  are  obtainable  in  this 
way  than  without  petroleum  spirit,  but  great  care  is  necessary  to 
avoid  error  from  expansion  or  contraction  through  alteration  of 
teraperatnre.  Hence,  before  observing  the  volume  of  petroleum 
spirit  originally  used,  and  again  before  the  tinal  reading,  the  tube 
should  be  immersed  in  a  cylinder  of  cold  water  for  a  short  tima 
The  process  gives  inaccurate  results  when  the  proixirtion  of  chloro- 
form exceeds  about  30  per  cent.  In  such  cases  the  method  in 
par.  440  should  be  employed. 

The  chloroform  in  mixtures  of  chloroform  and  alcohol  may  also 
be  determined  by  decomposition  with  alkali  in  the  manner  described 
in  par.  293. 

443.  Methylene  Dichloride.  Biddoride  of  Methylene. 
CHjClj. 

This  substance  ia  the  second  member  of  the  series  of  products 
arising  from  the  action  of  chlorine  on  marsh  gas,  as  shown  in  the 
annexed  table. 

444.  Methylene  dichloride  is  obtained  by  exixiaing  the  vapour 
of  methyl  chloride  in  admixture  with  chlorine  to  the  action  of 
daylight,  in  a  large  glass  globe.  The  products  are  passed  through 
two  Woujffe'a  bottles,  and  then  into  ii  flask  surroimded  by  a  freez- 
ing   mixture.     The    former  chiefly  retain  chloroform,  while    ths 
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methylene  dichloride  condenses  in  the  flask.  It  may  also  be  obtained 
by  the  reduction  of  chloroform  in  alcoholic  solution  by  zinc  and 
hydrochloric  acid. 


Formula. 

Name. 

Boiling 
Point. 

•c. 

Specific  Gravity. 

CH.Cl 
CHjCL, 
CHa, 
CCI4 

• 

Methane  ;  marsh  gas, .... 

Chlormethane ;  methyl  chloride, 

Dichlormethane ;  methylene  dichl6ride, 

Trichlormethane ;  chloroform,     . 

Tetrachlormethane ;      carbon      tetra- 
chloride,   

•  •  • 

-23 
41-6 
61- 

78- 

J    -999  at -80' 
\    -952  at  0' 

1  -36  at  0" 
J  1  -600  at  15* 
j  1-526  at  0** 
1  -630  at  0* 
1-599  at  15' 

445.  Bichloride  of  methylene  is  a  powerful  anaesthetic,  but  is 
said  to  have  a  depressing  effect.  Being  more  expensive  than  chloro- 
form, the  latter  liquid  is  sometimes  substituted  and  sold  for  the 
former,  which  it  closely  resembles  in  odour.  The  two  bodies  may 
be  distinguished  by  their  specific  gravity  and  boiling  points.  The 
dichlonnethane  bums  with  a  smoky  flame  and  dissolves  iodine 
with  brown  colour,  while  chloroform  unmixed  with  alcohol  bums 
with  great  difficulty,  giving  a  green-edged  flame,  and  dissolves 
iodine  with  reddish- violet  colour. 

446.  A  mixture  of  alcohol  and  chloroform  has  been  substituted 
for  methylene  dichloride.  On  shaking  the  sample  with  water,  the 
alcohol  would  be  dissolved,  and  the  chloroform  woidd  then  be  re- 
cognisable by  its  density. 

447.  Bromoform,  CHBrg. 

Tliis  body  closely  resembles  cldoroform,  but  boils  at  150°  to 
152''  C.  Its  density  is  2*9  at  12°  C,  or,  according  to  E.  Schmidt, 
2-775  at  14°-5  C.     It  solidifies  at- 9°  C. 

Caustic  potash  converts  bromoform  into  chloride  and  formate  of 
potassium.     By  the  action  of  alcoholic  ix)tasli,  gas  is  evolved,  con 
sisting  of  one  volume  of  carbon  monoxide  and  three  of  e  t  h  y 
1  e  n  e  ;  thus  :— CHBrg  +  SKCgH^O  =  3KBr  +  2H2O  +  CO  -f  3C2H^ 

448.  Bromoform  is  not  unfrequently  present  in  commercial  bro- 
mine, even  to  the  extent  of  10  per  cent.  It  may  be  detected  by 
fractional  distillation  of  the  bromine  on  the  water-bath,  or  by  treat- 
ing the  sample  with  excess  of  solution  of  potassium  iodide,  and 
then  adding  sufficient  sodium  thiosulphate  (hyposulphite)  to  take 
up  the  iodine  set  free.  The  characteristic  odour  of  bromoform  then 
becomes  apparent. 
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449.  Iodoform,  CHij. 

lotloform  ia  produced  iu  Lieben's  teat  for  alcohol  (par.  151,  e.). 

may  bi;  eonveniently  preparei.!  by  heatiog  1  part  of  iodine,  1  of 
alcohol,  3  of  cryatallisetl  Boditmi  carbonate,  aad  10  of  water  to 
about  70  to  80°  C,  till  decolorised,  when  the  iodoform  seporatea  as 
lemon-yellow  powder,  which  mny  lie  filtered  from  the  liquid, 
washed  with  cold  water,  and  dried. 

450.  Iodoform  is  a  light  yellow,  shining,  crystalline  solid,  having 
a  persistent  odour  resembling  saffron,  or  a  solution  of  iodine  in 
chloroform.  It  has  a  density  of  2'D,  sublimes  at  a  gentle  heat 
without  change,  distils  with  vapour  of  water,  and  volatilises  sen- 
sibly at  ordinary  temperatures.  Heated  strongly,  it  is  decomposed 
with  formation  of  violet  vapours  of  iodine,  and  deposition  of  carbon. 

Iodoform  is  nearly  insoluble  in  water  (1  part  in  13,000)  and 
dilute  alkaline  and  acid  liquids ;  sparingly  soluble  in  rectified 
spirit  (1  in  80),  but  more  readily  in  absolute  alcohol  (1  in  25) ; 
and  with  facility  in  ether,  chloroform,  and  carbon  disulphide.  It 
is  also  dissolved  by  many  essential  oils,  and  sparingly  by  glycerin, 
benaeno,  and  petroleum  spirit. 

Iodoform  is  employed  in  medicine  as  an  antiseptic  dressing  and 
for  other  purposes. 

4fil,  In  its  chemical  reactions  iodoform  closely  resembles 
chloroform.  Its  microscopic  appearance  is  very  characteristic,  its 
Uaual  forms  being  hexagonid  plates,  stars,  and  rosettes. 

Iodoform  may  be  extracted  from  urine  and  other  aqueous  liquids 
by  agitation  with  ether.  On  allowing  the  ethereal  layer  to  evaporate 
spontaneously,  the  iodoform  may  sometimes  be  recognised  by 
examining  the  residue  under  the  microscope.  If  no  distinct  forma 
are  observable,  the  residue  should  be  taken  up  with  a  little  absolute 
ticohol,  and  three  or  four  drops  of  the  clear  solution  added  to  a 
minute  quantity  of  a  solution  of  phenol  in  caustic  soda.  The 
mixture  is  cautiously  heated,  when  a  red  deposit  will  be  formed  at 
the  bottom  of  the  tube,  soluble  in  dilute  alcohol  with  crimson 
Wlour  (Luatgarten,  Jour.  Chem.  Soc.,  xliv.  243). 

4S2.   CoumcRciAL  Iodoform. 

agitation  with  water,  iodoform  should  not  yield  a  liquid  pre- 
ible,  after  filtration,  by  barium  chloride  or  silver  nitrate.     It 
Id  leave  no  soluble  residue  on  ignition  in  the  air;  and  should 
be  wholly  soluble  in  boiling  alcohol,  but  insoluble  in  brine. 

493.  Fierie  aeid  has  been  i»ed  as  an  adultet&nt  of  iodoform 
[Phann.  Jour.,  [3]  xiv.  493).  It  may  be  detected  by  agitating 
the  sample  with  dilute  solution  of  cjiustic  soda  or  carbonate  of 
sodium,  carefidly  neutralising  the  filtrate  with  acetic  acid,  and 
adding  potassium  nitrate,  when  a  yellow  precipitate  of  the  spar- 
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ingly  soluble  potassium  picrate  will  be  thrown  down.  The  iodo- 
form may  also  be  separated  by  treating  the  sample  with  caustic 
soda  solution  and  agitating  the  liquid  with  chloroform,  when  only 
the  picric  acid  will  remain  in  the  aqueous  liquid.  Picric  add  may 
also  be  detected  by  the  reddish-brown  coloration  produced  on 
heating  the  cold  aqueous  solution  of  the  sample  with  potassium 
cyanide. 


SUGARS. 


TJndbr  the  generic  name  of  sugars  are  included  a  large  number 
of  bodies  occurring  naturally  in  the  animal  or  vegetable  kingdoms, 
or  produced  from  the  so-called  glucomles  by  the  action  of  ferments 
or  dilute  acids. 

The  sugars  constitute  a  group  of  closely-allied  bodies,  in  many 
cases  distinguishable  from  each  other  only  with  considerable  diffi- 
culty, while  their  quantitative  separation  is  frequently  impossible 
in  the  present  condition  of  chemistry. 

As  a  class,  the  sugars  are  crystallisable,  readily  soluble  in  water, 
somewhat  less  soluble  or  wholly  insoluble  in  alcohol,  and  insoluble 
in  ether  and  other  solvents  immiscible  with  water. 

A  sweet  taste  is  possessed  by  nearly  all  sugars,  to  a  greater  or 
less  extent,  though  in  some  of  the  rarer  saccharoids  the  character 
is  very  feebly  marked-  Glycerin  and  glycol  have  a  sweet  taste, 
and,  like  the  sugars,  are  polyatomic  aclohols,  but  the  same  analogy 
of  constitution  does  not  extend  to  glycocine  (the  so-called  "  sugar 
of  gelatin  "),  or  to  the  sweet  salts  of  lead  and  yttriimi. 

In  many  cases  the  sugars  exert  a  powerful  rotatory  action  on  a 
ray  of  polarised  light,  the  direction  and  extent  of  the  rotation 
being  peculiar  to  each  sugar.  Hence  the  optical  activity  is  a 
valuable  means  of  estimating  and  differentiating  sugars,  and  is 
fully  discussed  in  a  special  section  (par.  454  <?<  seq,). 

coirsTiTnnoN   anb    classitication    of 

SUOABS. 

Most  of  the  sugars  have  the  constitution  of  hexatomic  alcohols, 
or  of  aldehydes  .  or  ethers  derived  therefrom.  Thus  mannite, 
which  is  a-hexone  alcohol,  CgHg(OH)g,  by  limited  oxida- 
tion with  platinum-black  yields  the  corresponding  aldehyde, 
CgHg(OH)g,  which  is  a  true  sugar  called  mannitose.  Con- 
versely, by  the  action  of  nascent  hydrogen,  the  aldehyde  mannitose 
can  be  again  reduced  to  mannite.  Mannite  also  results  from  the 
reduction  of  dextrose   and   Isevulose,  which    are    sugars 
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isomeric  with  mannitol ;  while  the  action  of  nascent  hydrogen  on 
another  isomer,  galactose,  results  in  the  production  of 
dulcite,  or  j8-hexone  alcohol,  isomeric  with  mannite. 

The  saturated  alcohols  of  which  mannite,  C^^^O^ 
is  the  type,  form  the  class  of  sugars  caUed  saccharoids.  Their 
characters  are  detailed  more  fully  in  the  table  on  page  189. 

The  aldehydes  of  the  bodies  of  the  last  group  con- 
stitute the  important  class  of  sugars  called  glucoses,  CgHj^O^j. 
These  have  themselves,  to  some  extent,  the  characters  of  alcohols. 

The  oxygen-ethers  or  first  anhydrides  of  the 
glucoses  constitute  the  class  of  sugars  called  saccharosesy  Gi^^y^t 
of  which  cane  sugar  is  the  type.  The  conversion  of  sacchw)ses 
into  glucoses  by  hydrolysis  is  readily  effected,  but  the  reverse 
change  has  not  been  realised  (unless  very  recently). 

By  the  action  of  heat  on  the  glucoses  and  saccharoses  the 
elements  of  water  are  eliminated,  and  other  anhydrides 
result.     Thus  dextrose,  CgHi20g,  yields  glucosan,  CgHj^Og. 

The  following  tables  show  the  distinguishing  chemical  and  physi- 
cal characters  of  the  principal  sugars,  which  are  arranged  in  the 
three  classes  of  saccharoids,  glucoses,  and  saccharoses. 

In  order  to  abridge  the  descriptions  as  much  as  possible,  initial 
letters  are  used  in  the  tables,  the  characters  given  after  them  refer- 
ring to  the  properties  or  reactions  of  the  sugars  when  examined  or 
treated  in  the  respective  manners  indicated  below  : — 

(a)  Specific  gravity  of  the  sugar. 

(b)  Character  of  the  crystals  and  general  appearance  of  the  sugar. 

(c)  Action  of  heat  on  the  sugar. 

(d)  Solubility  of  the  sugar  in  water,  and  taste  of  the  solution. 

(e)  Solubility  of  the  sugar  in  alcohol 

(/)  Products  of  the  action  of  moderately  concentrated  nitric  acid 
on  the  sugar. 

(g)  Reaction  of  the  sugar  with  concentrated  sulphuric  acid. 

(h)  Products  formed  by  boiling  the  sugar  with  diluted  sulphuric 
acid. 

(i)  Eflfect  of  yeast  on  the  aqueous  solution  of  the  sugar. 

(J)  Products  of  the  action  of  cheese  and  chalk  on  the  aqueous 
solution  of  the  sugar. 

(k)  Reaction  of  the  sugar  with  strong  solution  of  caustic  alkali. 

(I)  Efifect  on  Fehling's  copper  solution,  when  heated  to  100''  C. 
with  an  aqueous  solution  of  the  sugar. 

(m)  Reaction  of  the  sugar  on  ammonio-nitrate  of  silver  at 
100°  C. 

(n)  Reaction  of  the  aqueous  solution  of  the  sugar  with  am- 
moniacal  acetate  of  lead. 
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194  ISOLATION  OF  SUGARS. 

Isolation  of  Sugars. 

The  general  methods  by  which  sugars  are  isolated  in  the  proxi- 
mate analysis  of  animal  and  vegetable  substances  depend  much  on 
the  nature  of  the  associated  bodies  (see  par.  564).  Principles  of 
sejiaration  commonly  utilised  are : — the  removal  of  albuminoid  bodies 
by  heat  or  precipitation  ;  the  precipitation  of  dextrin  and  other 
gummy  matters  by  alcohol ;  the  removal  of  organic  acids  and  various 
other  matters  bv  acetat43  of  lead  ;  concentration  of  the  saccharine 
fluid  with  a  view  to  promoting  crystallisation;  and  the  detection 
and  estimation  of  the  sugars  present  by  their  reactions  as  reducing 
agents  (i>age  223),  and  their  relations  to  polarised  light.  A  third 
mode  of  determination  is  based  on  the  specific  gravity  of  the  sac- 
charine solution.  Other  useful  processes  for  estimation  or  differenti- 
ation are  based  on  the  behaviour  of  the  sugars  with  yeast,  and  on 
treatment  with  concentrated  and  dilute  acids,  &c.  These  general 
methods  will  be  described  in  the  following  sections,  before  dealing 
with  the  special  application  of  these  and  other  processes  to  the 
examination  of  particular  sugars  or  saccharine  substances. 

454.  BELATIONS  OF  THE  SUGABS  TO  POLAB- 
ISED  LIGHT. 

The  greater  number  of  sugars  possess  the  property  of  altering 
the  plane  of  pi>larisation  of  a  ray  of  light.  The  power  is  possessed 
not  merely  by  the  solid  sugars  but  also  by  their  solutions,  the 
rotator}'  action  exerted  by  the  latter  being  approximately,  but  not 
strictly,  proportional  to  their  concentration,  or  in  other  words  to 
the  number  of  molecules  of  dissolved  sugar  which  the  ray  of  light 
is  oauseil  to  traverse. 

The  prini'iple  of  construction  of  jwlarimeters,  and  the  optical 
activity  of  various  organic  substances  are  described  at  length  in 
jKirs.  47  to  63. 

455.  Specific  Rotatory  Powers  of  Sugars. 

The  stri^ngth  of  a  cane-sugar  solution  which  will  produce  the 
s;uno  deviation,  when  oxiuuintni  in  a  tube  2  decimetres  in  length, 
jis  a  plato  of  quartz  1  millimetn^  in  thickness,  has  been  determined 
by  varivuis  oWorvors.  Cler^^t  eslimati\i  it  at  16*471  grammes  of 
suorx^so  in  t\uh  100  o.o,  of  solution.  Dubnmfaut  reduced  the 
amount  to  16*390  gnunmos,  while  the  weight  16*350  grammes 
was  the  n'suh  of  the  inYOiitig;\tiv>ns  of  a  ovuumission  consisting  of 
Pouillet>  l^rrt>swil,  SohUising,  and  DuKvicq,  The  directions  now 
issueil  with  the  instrument  $|Hvify  the  last-named  amount  as  that 
to  bo  useil  in  verifying  the  scale,  Re^vntly  Girard  and  De  Luynes 
have  given   19'190  graiumee  ol  OttM^  sugar  per   100  cc    as  the 
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equivalent  of  1  millimetre  of  qtiai-tz.  Tollens  (5er.,  1877,  1403), 
in  a  very  elaborate  paper,  gives  16;337  grammes  as  the  standaid 
amount.^  The  deviation  of  the  D  line  produced  by  1  millimetre  of 
quartz  is  21°  40',  according  to  Broch,  or  21°  48'  according  to 
Girard  and  De  Luynes.  The  mean  of  these  two  determinations 
is  21°  44'  =  21°'73.  Employing  this  figure  in  the  formula  for 
specific  rotatory  power  given  in  par.  59,  the  value  of  Sd  for  cane 
sugar  in  solutions  containing  about  16  grammes  per  100  c.a  may 
be  found  as  follows  : — 

100x2r-73^,,o.,Q 
2x16-337 

456.  As  stated  already,  the  concentration  of  the  solution 
sensibly  affects  the  specific  rotation  of  sugars,  and  not  always  in 
the  same  direction.  Thus,  strong  solutions  of  sucrose  cause  a 
less  deviation  than  the  same  amount  of  sugar  would  in  more  dilute 
solutions,  while  with  dextrose  the  reverse  is  the  case.  On  this 
account,  recorded  values  for  S  must  not  be  interpreted  too  strictly 


>-**%. 


Fig.  10.2 

'  The  corresponding  amount  for  the  Vontzke-Soleil  instrument  is  26*086 
grammes  in  100  c.c 

*  The  accompanying  illnstration  (fig.  10)  shows  the  appearance  of  a  new 
instnimcnt  of  the  Laurent  type,  having  an  ingenious  optical  modification  due 
to  Mr  Thos.  Bayley.  It  has  given  satisfaction  in  the  hands  of  the  writer 
and  others,  and  is  obtainable  at  a  comparatively  moderate  price  from  P. 
Harris  k  Co.,  Birmingham. 
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in  cases  in  which  no  mention  is  made  of  the  concentration  of  the 
solution.  The  importance  of  this  point  is  well  shown  by  the 
following  detenninations  by  Hesse  ^  of  the  value  of  Sd  for  cane 
sugar  in  solutions  of  various  strengths : — 


Grammes  of  Sucrose 
per  100  c.c. 

Value  of  Sd. 

1           .           .           . 

67-95 

2          .          .          . 

67-39 

3         .          .          . 

6705 

6         .          .          . 

66-67 

10         .          .          . 

66-50 

20         .          .          . 

66-45 

The  exact  apparent  specific  rotatory  power  may  be  found,  for 
solutions  of  strengths  varying  from  1  to  10  grammes  of  cane 
sugar  per  100  c.c,  by  the  following  formula,  in  which  c  represents 
the  number  of  grammes  of  sugar  in  each  100  c.c.  of  the  solution  : 
8D=+68-65--828c+115415c2--00541666r».  Beyond  a  con- 
centration of  10  grammes  of  sugar  per  100  c.c.  of  the  solution, 
the  decrease  is  pretty  regularly  '005  for  each  unit  of  sugar.* 

457.  Tlie  values  of  Tollens  and  Hesse  for  the  specific  rotation 
of  cane  su^mr  agree  with  those  of  Tuschmidt,  {Jour,  f,  Pract,  CTiem., 
[2]  ii.  235)  who  obtained  66*42  (apparently  for  somewhat  concen- 
trated solutions),  and  Backhoven,  who  obtained  the  same  result 
(Ibid.  [2]  viii.  277).  Schmitz,  again,  has  found  66*42  and  66*53 
as  the  vahie  of  S©  when  c=10  (Ber.,  1877,  1414),  and,  lastly, 
Tollens  {Ihiff.  [2]  viiL  1403)  gives  +66"-48  as  the  correct  value 
for  Sdio  in  the  case  of  cane  sugar.  These  results  all  correspond 
closely,  and  point  conclusively  to  a  value  of  +6  6° '5  for  cane 
sugar  in  solutions  of  a  concentration  from  10  to  20  grammes  per 
100  c.c.  It  must  be  remembered  that  this  is  the  apparent  specific 
rotation  for  the  concentration  in  question ;  the  absoltde  value  of 
Sd  for  cano  sugar  being,  according  to  Tollens,  +63°*90,  and  accord- 
ing to  Schmitz,  +64°-16. 

458.  Altliough  the  apparent  specific  rotatory  power  of  cane 
sugar  for  the  D  line  may  be  considered  to  be  accurately  ascertained, 
the  same  cannot  be  said  of  the  value  for  the  transition-tint.     This 

^  AnnaJ.  der  CJiemie,  clxxvi.  96.  These  determinations  have  been  recently 
disputed  by  Tollens,  who  finds  a  very  slight  increase  in  the  rotatory  power 
of  very  dilute  solutions  {Ber.,  xvii.  1761). 

'  Calculated  from  the  formula  in  the  text  the  value  of  Sd  for  cane  sugar 
when  c  -*  10  is  66°  '4948.  Tollens  has  recently  proposed  the  formula  Sd — 66  '386 
4-0  01603.^-0 •0003986c*.     By  this,  if  c-10,  Sd-66-4966. 
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is  doubtless  due  in  part  to  the  fact  that  the  transition-tint  is 
not  a  ray  of  definite  refrangibility,  and  even  differs  with  different 
observera 

These  are  insurmountable  difficulties  in  the  way  of  obtaining  a 
constant  value  for  Sj,  and  hence  all  determinations  made  by  instru- 
ments intended  for  observing  the  transition-tint  must  be  regarded 
as  of  secondary  value  only.  This  is  well  shown  by  the  discordant 
factors  proposed  by  different  observers  for  calculating  S©  to  Sj  in 
the  case  of  cane  sugar.  ^ 

The  mean  of  the  more  trustworthy  of  these  determinations  gives 
a  value  for  Sj  not  greatly  different  from  +7  3° '8,  which  is  that 
generally  adopted.  If  this  be  accepted  as  the  specific  rotation  of 
cane  sugar  for  the  transition-tint,  then  Sd  and  Sj  may  be  calculated 
into  each  other  by  the  following  factors,  which  are  those  adopted 
in  this  work  : — 

Sj      73-8     ,  -_^         ,  So     66-5      ^^, , 

459.  In  the  following  table  are  given  the  most  reliable  deter- 
minations of  specific  rotation  of  some  more  important  species  of 
sugars.     The  optical  properties  of  the  rarer  sugars  are  shown  in  the 

^  The  following  figures  illastrate  this  fact.  For  conveDience,  the  value  of 
Sd  is  uniformly  taken  at  +66* '6,  and  the  product  obtained  by  multiplying 
this  constant  by  the  factor  or  fraction  represents  Uie  value  of  Sj. 

Ss     X         Factor      :=  Si  Authority. 

1*129      -       75-08  .        Landolt;  Montgolfier. 

24 


66*5  X  ^ 


21-67 
24 

21-80 
24 


—  73-66  Broch. 

—  73-21  Girard  and  De  Luynes. 

—  74-09  Brown  and  Heron. 


21-64 
1-091      -       72-66  Calderon. 

1-049      -       69-96  .        Weiss. 

The  factor  of  Calderon  is  remarkable.  It  is  deduced  from  determinations 
made  by  him  in  Berthelot's  laboratory  with  the  view  of  revising  that  chemist's 
value  for  Sj(-'73-8°).  Calderon  found,  for  10  to  20  per  cent,  solutions  of 
cane  sugar,  Sd-67-1  and  Sj-^73-2  {Compt.  rend.,  Ixxxiii.  393).  Brown  and 
Heron  do  not  state  the  grounds  of  their  adoption  of  the  ratio  employed  by 
them.  Holzer  {Ber.,  xv.  1938)  gives  the  factor  of  Weiss  as  1-034,  which  is 
even  more  anomalous  than  the  value  given  in  the  table.  Holzer  found  that 
the  value  of  Sd  was  not  materially  affected  by  the  addition  of  picric  acid  or 
other  colouring  matters  to  the  solution,  but  when  white  light  was  employed 
the  rotation  was  affected  in  a  very  marked  degree. 


[ 

198                           SPEtlFlC   IIOTATION   OF  SCGAKS. 

tableo  on  page  169  ei  My,'      It  will  be  obeervet!  that  the  figure* 
given  Ijelow  are  the  apparent  or  »ertmUf  apecilic  rotatory  powi'iu 
/in-  HnliUicmi,  cotilainiiii/  1 0  pir  cent,  or  i^o  of  the  solid  siigMf.     The 
figurea  printed  in  Iwliler  type  at*  the  reault  of  direct  detemuna- 
tions,  the  otheta  being  calciilnted  by  means  of  the  ratio — 

It  is  not  certain,  however,  that  this  ratio  is  comet  in  it8  applica- 
tion to  all  specie*  of  sugar.     The  signs  +  and  -  signify  deztro- 
uid  /atuo-rotation  respectively.      It  must  not  be  forgotten  that  the 
ctystab  of  sugars  (nther  than  caiie)  are  not  usually  anhydrous  when 
deposited    from   aqueous   solutiuua.     The    formuUe  given    in  the 

which  the  values  foi;  specific  rotation  apply  ; — 

1 

XT/ 

„.«.. 

.Appunnt  SpedBc  RMUOIT  ^•""- 

Rercreni*. 

... 

a) 

KtllOK,  . 

Innrt  niRar,  , 

C„H„0„ 

C.H„0. 
C.H„0,            J 

iic,u.,o,        j 

Ml 

+  68-S 
-in»T  .tin-    c. 

-tSl    .tBJ-3C. 
-2E-6  U  It'    C. 

-  6    Mtrtc 

Becpw.  4H, 

SKSt 

rsnuutpiii. 
-SMbtlMr. 

1 

The  values  given  in  the  above  table  are  those  for  the  rotationB 
pniduced  by  solutions  of  the  various  sugars  which  have  been  heated 
or  kept  for  some  hours.      If  this  condition  be  not  observed,  the 
curious  pheiionicnou  ofbi-rotationwill  cause  the  results  to  be 
considerably  higher  (par,    483).     It  is  not  improbable  that  some  of 
the  discrepancies  in  the  obBcrvations  of  the  specific  rotationa  ol 
oertoiu  of  the  sugars  originated  in  a  neglect  of  this  precaution, 

'  According  to  Tliomaen  tbe  rotatory  power  of  thecBrbohydmtnsineolatioiu 

tome  multipla  of  the  constant  number  IB  {Jour.  Sue.  Uhem.  iL,  246).  but  fail 
views  have  not  met  with  very  geaerKi  acceptaoce, 

IbD   fonnula:  8[- -(27-8- 0-32().      That  u,  the   rolBtory  power  of  invert 
sugar  is  -il'-e,  Icsa  0°'32  for  etch  degree  ceatigmde  aTjove  lero.     Thus,  at 
16*C.  the  rowtion  would  be   -27'6-C32xl6)- -  22'-8,  ■gaJnst-28°'06,  the 
uambcr  adopted  in  the  test 
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a  solution  of  cane  sugar  which,  lir^ore  inveroion,  lihows  a  deviation 
of +100  divisions,  afisr  inversion  has  a  Itevo-rotation  of  —  36'6 
diviaiouaat  15°  C. 

The  value  given  in  the  tabic  for  the  apeuitie  rotation  of  invert 
sugar  is  based  on  this  fact,  lUso  taking  into  account  the  incrcuse 
in  tiie  weight  of  solids  i:au3ed  by  the  inversion  of  tlie  canu  sugar 
to  glncoaee.^ 

From  the  value  for  invert  sugar  thus  found,  that  of  levuloae 
waa  calculated  by  the  equation,  25-6  X  2  +  586  =  109-7.* 

Practtical  Optical  SACCHAitiH&THV. 

460,  For  the  application  of  the  rotatorj'  action  exerted  by 
sugars  and  allied  bodiea  on  a  my  of  polarised  liquid  to  the 
examination  of  saccharine  substances,  it  is  necessary  that  the 
body  shall  exist  in  solution,  and  that  the  solution  be  free  from 
suspended  matter  and  also  fairly  free  from  colour,  though  this 
last  condition  is  less  essential  with  the  instruuientii  with  which 
a  sodium  lamp  is  used  than  with  those  which  employ  white 
light. 

It  will  be  convenient  first  to  describe  the  method  of  estimatinjf 
cane  sugar  in  a  commercial  product  containing  no  other  optically 
active  substance,  after  which  its  determination  in  presence  of  invert 
sugar  will  be  dealt  with  (par.  471),  and  subsequently  the  em- 
ployment of  the  polariuit'ter  for  estiniiitinf,'  othi-r  kinds  of  sugar 
(par,  479)  will  bo  described. 

461.  Polarimetric  Determination  of  SucroBe  in 
the  Absence  of  other  Optically  Active  Bodies. 

For  the  purposes  of  saccharimetry,  it  is  found  convenient  in 
practice  to  employ  a  constant  weight  of  each  sampla  The  weigiit 
to  be  taken  varies  from  16*19  to  26'07  grammes,  acconling  to  the 
instrument  to  be  employed,  and  to  a  lesser  degnr  with  each  parti- 
cular instrument,  WiUi  Soleil'e  succhurimeter  the  .standard  weight 
is  16'350  granmies,  and  with  other  instruments,  showing  directly 
the  percentage -content  of  real  sugar  in  the  sample,  weights  closely 
approsimating  to  16-337  grumnies  are  usually  employed.  With 
polarimeters    furnished    with    the    Vetitzke    scale,    however,    the 

^^'  The  eqostion  ustd  wbb  ; — 
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standiml  weight  is  26*048  grFunraeg.'  With  mstrtunentfi  empla)'- 
iug  Hodium  light,  and  ^ulnati^d  only  in  Bngiikr  duj^reea,  IB'800 
grammiiE  is  a  mon'  cunveiiii^nt  weight  to  use. 

462.  PKErARATIoD  OP  THE  SOLUTION  OF  ScQAB  FOR  THH  PoljUU- 
UBTBR. 

Having  carpfiillj  mixed  the  sample  to  obtain  n  fair  svemgn 
flpeuimen,  thn  standard  (jnnntity  is  weighed  out  and  introduced 
«iirt!fully  into  a  100  ca.  flask.  About  50  c.c.  of  water  are  then 
added,  and  the  liquid  carefully  agitated  until  the  whole  of  the 
sugar  has  passed  into  sohition. 

If  the  liquid  be  clear  and  colourlesa  it  is  merely  necMsaiy  to 
dilute  the  liquid  to  exactly  100  cc,  mix  it  well  by  agitation,  and 
at  once  introduce  it  into  the  tube  of  the  polorimeter.  But  if  tbf 
hquid  hp  luiloured  to  any  notable  extent,  as  is  usually  the  case  with 
co[nnierc:ial  sugara,  it  is  essential  that  it  should  be  decolorised  before 
being  submitted  to  optical  examination.  The  necessary  clarification 
may  he  effected  by  means  of  animal  charcoal,  hydrated  alumina,  or 
basic  acetate  of  lend. 

463.  Animal  charcoal  is  employed  by  adding  to  Uie 
solution  of  the  sugar  (prepared  as  above  described,  and  diluted  to 
exactly  100  i-.c)  about  one-fourth  of  its  bulk  of  powdered  bone- 
black,  which  must  be  fresh  and  free  from  hygroscopic  water.  The 
liquid  is  well  agitated  with  the  blaek  for  a  few  minutes  and  then 
passed  through  a  dry  filter.  This  is  a  preferable  mode  of  using 
charcosl  ti>  the  French  plan,  in  which  the  granular  bone-black  is 
placed  in  a  vertical  tube  closed  at  the  lower  end  by  a  plug  of  cotton- 
wool, and  the  sugar  solution  passed  through  the  column  of  charcoal. 
In  using  this  method,  the  first  portions  of  the  percolated  liquid 
must  be  rejected,  as  the  charcoal  absorbs  sugar  as  well  as  colouring 
matter.  It  is  liighly  prabahie  that  the  tendency  to  absorption  ia  the 
cause  of  many  of  the  discrepancies  in  sugar  assays,  but  by  making 
the  optical  determination  on  the  latter  portion  of  the  percolate  the 
error  due  to  the  absorption  of  sugar  by  the  charcoal  may  be  com- 
pletely eliminated. 

464.  The  source  of  error  may  be  avoided  altogether  by  employ 
lug  the  following  method  of  i.darification,  which  is  veiy  eflicacioui 
even  under  extremely  unfavourable  conditions  ; — Weigh  out  the 
normal  quantity  of  sugar  and  dissolve  it  in  about  50  c.c.  of  wat«r 
in  a  flask  holding  1 00  c.c,  as  described  in  par.   462.     According 

'  Id  thr  nrif(ina1  i^leil-Vdiitzke  Lnstmmenta  tbo  aca1«  nas  so  diTided  that  • 
solution  ofcaiio  sugar,  of  a  density  of  I'lO  at  17°'G  C,  obserred  in  a  tobn  30 
centimetres  in  length,  rotnted  100  divisioni.  A  solution  of  sugar  of  the  sbors 
dennity  is  oblnined  by  diasolving  S8'04S  grammei  in  water  and  diJuting  tlw 
liijaid  to  100  <:.c 
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to  the  quality  of  tlii;  sample,  the  snliitinn  will  be  (1)  colourless  but 
cloudy,  (2)  yellow,  (3)  brown,  or  (4)  (ilmost  black.  In  the  first 
case,  odd  about  3  c.c.  of  a  cream  of  hydrated  alumina  and  one  drop 
of  baaic  acetate  of  lead  solution.'  In  the  second  case,  the  aamo 
volume  of  al\imina  may  be  used,  but  the  lend  solution  increased  to 
3  or  5  drops.  In  the  third  or  fourth  nase  odd  about  2  cc  of  a 
10  percent,  solution  of  sodium  auljihite,  and  then  the  lead  aolution 
(rradually,  with  constant  shaking,  till  no  fiirther  precipitate  is  pro- 
duced.* Whichever  inndn  of  (clarification  be  adopted,  the  liquid  ia 
well  agitated,  aiid  allowed  to  stand  at  rest  for  n  few  minutes,  to 
ensure  the  complete  separation  of  any  precipitate.  The  flask  if 
then  filled  nearly  to  the  mark  with  water,  and  the  froth  allowed 
to  tig©  to  the  surface,  whi'U  it  is  destroyed  by  the  cautious  addi- 
tion of  a  few  drops  of  spirit  or  a  single  drop  of  ether.  Water 
is  then  added  exactly  to  the  mark,  the  contents  of  the  flask 
thoroughly  mixed  hy  agitation,  and  the  liquid  filtered  through  a 
dry  filter. 

465.  fliiother  mode  of  clarificAtion,  recommended  by  Schetbler, 
and  very  simple  and  good  in  oil  ordinary  coses,  is  as  follows : — 
Solutions  of  alum  ur  aluminium  sulphute  and  of  basic  lead  acetate 
are  jirepored  of  equivalent  Btrengtha,flo  that  on  mixing  equal  measures 
and  filtering  no  sulphatu  remains  tu  solution.  To  the  solution  of 
■agar  5  c.c.  of  each  of  these  liquids  is  added,  the  mixture  shaken, 
made  up  to  100  c.c,  and  passed  through  a  dry  filter. 

466.  Some  exceptionally  dork  cane  iiugars,  and  most  beet-root 
molasses,  are  not  sufllicicntly  decoloriaed  by  either  of  the  above 
methods.  In  such  cases  a  double  normal  quantity  should  be  weighed 
out,  and  the  solution  clarified  by  sodium  sulphite  and  basic  lead 
solution,  as  before  described,  a  rather  larger  quantity  of  the  hitter 
liijuid  being  employwl.  The  solution  is  made  up  accurately  to 
100  e.c.,  filtered,  and  50  c,c.  of  the  flltnite  treated  with  a.  saturated 

'  TliiB  alumina  cream  is  propared  by  poaring  a  wjlution  of  nlurn  into 
eicess  of  a  }iot  aolntion  of  naalting-Bods,  collecting  the  precipitnlp  in  a  liiiea 
big,  wnahing  well  with  boiling  water,  and  miiinj;  it  with  enough  water  to 

The  solution  of  basic  sfetate  of  iBadia  preiiared  by  griniling 
together  in  a  mortnr  }  lb.  of  racently  ignited  litharge,  I  lb,  of  acetate  of  lead, 
and  enongh  water  to  render  tlie  vrliole  pasty.  The  mixture  is  neit  boiled 
<rith  threi'  pints  of  water,  and  the  solutiou  Hlteied  sad  preserved  in  well 
closed  bottles. 

*  If,  as  is  often  recommpuded,  a  considerable  excess  of  lead  solution  be 
«dded,  some  ot'th*  prpcijiitate  is  npt  to  be  rodiBSoIved,  and  ths  nlntiiui 
bocomea  opnlesvcnt  and  filters  with  didicalty.  The  presence  of  lead  in  tha 
mlutioD  is  said  Co  effect  the  results,  having  a  tendency  to  cause  somewhat 
■e  Teidinj^,  though  the  lead  solution  itself  has  no  optiod  activity. 
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solution  of  sulphurous  aciil '  iiulil  tlio  liquid  smolla  strongly  of  the 
gas.  About  2  grammes  of  puritied  luiijnal-cbarcoail  -  are  then  added, 
the  liquid  well  Bhaken,  niadir  up  exactly  to  100  cc,  and  filtered. 
By  proceeding  in  tliia  manner,  a  |.)crfoctly  colourluss  or  lemon-yellow 
aolation  may  be  obtained  from  the  worst  samplpn' 

467.  Mbthod  of  Employiko  the  Polarihetkr. 

The  solution  of  sugar  having  Ijcen  clarified,  if  neeessary,  by  one 
uf  the  foregoing  raethodB,  thr  tuhp  of  the  polariinet«r  (2  deciraetiw 
in  length)  ia  rinsed  with  a  little  of  it,  and  then  completely  filled 
with  the  liquid.  A  glatia  pinte  is  then  cautiously  placoil  on  the 
top,  and  secured  by  screwing  home  the  brass  cap.  This  beiog 
done,  Ibc  oap  should  be  somewhat  loosened  to  avoid  any  chance  of 
pressure  lieiug  exerted  on  the  contents  of  the  tube.  The  tnb« 
with  its  contained  saccharine  solution  is  then  placiMl  between  I 
polariser  and  analyser  of  the  Bacuharimetcr,  when  an  optical  dis- 
turbanee  will  bo  observed,  the  extent  of  which  will  depend  on  I 
amount  and  nature  of  the  sugar  in  solution. 

The  polarimeter  ia  then  adjusted  until  the  neutral  point  ia  reached, 
ur,  in  other  words,  until  the  optical  disturbance  produced  by  the 
introduction  of  the  saccharine  solution  is  compensated.  The  rotation 
required  to  produce  thia  effect  is  then  read  off  and  recorded. 

Polarimetera  intended  for  usi'  in  BaecJiarimetry  arc  usually  gradu 
ated  so  that  the  percentage  of  tane  sugar  in  the  sample  examiiwd 
is  shown  without  calculation,  which  is  not  the  case  if  the  inetni- 
inent  be  graduated  in  circidar  degrees  only, 

168.  According  to  fiiot,  a  plate  of  quarts  1  millimetre 
thickness  produces  rotation  of  exactly  24  circular  degroee  for 
the  transition-tint.  This  rotation  is  token  as  the  standa^  in  the 
Soleil  and  Soloil-Uubtisut  saccharimetors,  and  the  24  degrees  tm 
divided  into  100  equal  ]>arts,  so  that  each  one  of  the  divisions  it 
nquivatent  to  0'24  circular  degrees.  A  cane  sugar  solution  con- 
tained in  a  2-deeinietre  tube  riinst  have  a  concentration  variously 
estimated  at  1619  te  16-35  grammes  in  100  cc.  of  the  liquid  to 
produce  a  rotation  eijual  to  that  caused  by  I    iiiillinietn?  of  quarti. 

'  Inslead  of  (ini|>loying  a  satiimtDil  solutioo  o(  sulpbnroai  acid  it  U 
eoavBULDiii  to  bubble  thraugb  the  liquid  ■  Uttlc  salpimr  dioxide,  now  mM  in 
syphons  by  lloske  k  Co. 

'  This  is  prepared  by  boiling  1  lb.  of  freshly  xrouail  UiDii-iban-iial  in  half 
■  gallon  oF  common  yellow  hydrocliloric  add  dilutel  with  one  gsllan  of  water. 
The  liqnid  is  Bltend  through  a  liiien  \-ae,  atnl  thr  reaidae  washed  with  Hot 
water  till  freo  Troni  scid,  dried,  and  i^itcvl  to  full  redocRa  in  a  closed  crnciblo. 
It  i*  bottled  while  still  warm,  nnd  kept  carefully  dry. 

'  The  additional  precsatioiig  aei^moary  to  frve  bi-ut-roat  juii'<^  amt  moIuHi 
rrom  traces  of  fanrigu  optically  uiivk  bodiMsre  deacriliril  in  |»ira.G89snd  SM. 
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In  pmctict,  a  solution  of  augar,  varying  in  strength  from  16'190  to 
16'350  grammes  of  the  solid  iu  each  100  c,c.  according  to  the 
practice  of  tlie  instrampnl  maker,  is  introduced  into  the  polari- 
meter,  and  the  point  of  ntutndity  marked  aa  100.  The  distance 
between  this  point  and  the  zero  point  is  then  divideil  into  100 
equal  parts.  Ueiice  with  each  particular  Bocch&rimctet  should  be 
employed  a  solution  of  augar  of  the  same  concentration  its  that 
iued  for  its  graduation.  By  doing  this  the  percentage  of  cane 
sugar  contained  in  any  impure  sninple  free  from  other  active  bodies 
can  1)6  ascertained  by  dissolving  the  standard  weight  to  100  c,e.  and 
noting  the  number  of  divisions  througli  which  the  light  is  rotated 
when  the  solution  is  interposed  in  a  2-dQcimetre  tube.  The 
eacchariraeters  employing  sodium-light  are  iiauallj  graduated  in  a 
nmilar  manner,  but  the  100  divisions  correspond  to  about  21 '73 
angular  degrees,  instead  of  24°  as  in  those  instruments  using  the 
transition-tint.  In  all  caaea  it  ia  deairable  to  verify  the  standard 
weight  of  sugar  said  to  cause  a  rotation  through  100  divisions  of  the 
scale,  and,  if  proved  correct,  this  weight  should  be  invariably  em- 
ployed in  aubsequent  experiments.  Aa  stated  in  par.  455,  16'337 
grammes  for  100  c.c  is  tlie  exact  quantity  of  sugar  producing  a 
rotation  in  a  2-decimetre  tube  equivalent  t«  that  caused  by  1  milli- 
metre of  quartz,  and  this  quantity  will  be  the  same  whether  the  in- 
strument be  constructed  for  the  ROilium-light  or  for  the  transition- tint. 
469.  Most  instruments  are  how  graduated  both  in  circular 
degrees  and  in  percentages  of  cane  sugar.  If  the  polarimeter 
employed  lie  graduated  in  the  former  miinnor  only,  the  percentage 
of  real  sugar  in  a  sample  may  be  ascertained  by  comparing  the 
rotatory  power  of  its  solution  with  that  of  an  equally  concentrated 
solution  of  pure  cane  augur.'  Thus,  if  the  solutions  be  made  by 
dissolving  in  water  20  grammes  each  of  the  standard  sugar  and 
the  sample,  and  making  the  liquids  u]^i  to  100  c.c.  each,  then,  in  a 
3-decimetre  tube  the  standard  solution  should  give  an  angular 
rotation  of  -l-26'6  degrees  for  the  aodium  ray.*  Hence,  if  the 
angular  rotation  produced  by  the  solution  of  the  sample  was  only 
2B-fl  degrees,  the  percentage  of  augar  contained  in  it  was  95'87, 
according  to  the  proportion 

26-5^100 
"   26-6 

r  crystals,  or  white  su^r-candy,  crushed  to  powder,  snd  dried  firit 
e  between  layers  of  filler  [iBjKir,  and  tlien  by  oiiposure  for  a  ihort 
a  lemperaturo  of  100"  C,  will  furnish  a  very  Rood  standard. 
100  a         100  a 
nordiog  to  th«  equBtioii    lu  pat.    69,  886—  j^    ——   2V2O'  "'"'"* 


=  95-8 
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Even  this  simple  calculatiou  may  be  avoided,  for,  if  the  weight 

25  X  20 

of  the  sample  taken  be  =18*800  grammes,  the  angular 

rotation  produced  in  a  2-decimetre  tube  will  be  exactly  25  degrees 
for  the  D  line,  and  hence  each  degree  of  angular  rotation  will 
represent  4  per  cent,  of  sugar  in  the  sample. 

470.  For  the  determiTuUion  of  sucrose  in  saccharine  liquids^ 
such  as  cane  and  beet-juice,  the  formiUa  in  par.  59  becomes 

ax  100 
/xS" 

For  S  should  be  substituted  either  66*5  or  73*8,  according  a« 
the  instrument  employs  the  sodium  ray  or  white  light.  Thus,  if 
the  liquid  has  caused  an  angular  deviation  of  19***0  when  examined 
in  the  2-decimetre  tube  with  a  Laurent  instrument,  then : — 

19x100      1900     _  ^^ 
^      2x66-5        133 

Therefore,  the  juice  contained  14*29  grammes  of  cane  sugar  in 
each  100  c.c. 

If  the  polarimeter  be  merely  graduated  in  sugar-units  the 
strength  of  juice  will  be  found  by  multiplying  the  units  of  sugar 
indicated  by  the  standard  weij^lit  of  sugar  with  which  the  instni- 
ment  is  intended  to  be  used,  and  dividing  the  product  by  100. 
Tims,  if  with  a  Ventzko  instrument  a  rotation  equal  to  72  sugar 
units  has  been  observed,  then  : — 

Concentration  =  72  X  ^^^  =  72  x  *26048  =  18*76. 

100 

471.  Determination  of  Sucrose  in  presence  of 
Glucose.    Clerget's  Process. 

While  the  polarimeter  is  capable  of  accurately  indicating  the 
proportion  of  cane  sugar  present  in  a  liquid  containing  no  other 
optically  active  substance,  its  readings  may  be  below  the  truth,  or 
actually  negative,  if  the  liquid  contain  a  notable  amount  of  certain 
other  varieties  of  sugar,  or  other  active  bodies.  Hence,  in  such 
complex  liquids  the  direct  reading  of  the  polarimeter  is  erroneous, 
but  by  operating  in  a  manner  first  suggested  by  Clerget  the  indica- 
tions may  still  be  relied  on. 

472.  The  different  varieties  of  glucose  are  unaffected  by  heating 
with  dilute  acid,  while  cane  sugar  is,  by  such  treatment,  converted 
into  a  mixture  of  equal  parts  of  sucro-dextrose  or  dextro- 
^lucose,  and  sucro-laevulose  or   IsBvo-glucose.     CX3H22O11  + 
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H,0  =  2C,H,50fl.  The  product  is  caUed  inverted  or  invert  J 
eugnr,  of  wtikli  100  parte  are  produued  by  tlie  hydration  or  I 
"  hydrolysis  "  of  95  parts  of  cajio  sugar.  I 

Wliile  the  effect  of  increiise  of  temperature  on  the  rotatory  I 
power  of  cane  sugar  iind  suero-deztroee  ie  almost  inappreciable,  ia  I 
the  case  of  lievulose  the  temperature  is  a  most  important  factor.  I 
The  same  remark  applies  to  invert  sugar,  the  lajvulose  of  which  1 
diminishefi  in  rotatory  power  to  the  same  extent  as  if  it  were  J 
unmixed  with  dextrose.  On  this  uccount  the  rotatory  power  of  I 
invert  sugar  decreases  n^larly  with  increase  of  teniperuture  till  at 
87'"2  C,  it  is  optically  neutral,  and  at  still  higher  temperatures 
axerte  a  cfAchwrotatory  power. 

473.  Serious  discrepancies  exist  in  the  rotatoiy  power  of  sucro- 
dextrose  as  determined  by  different  observers  (see  par.  677),  hut 
ftirtimately  any  doubt  as  to  the  true  rotatory  power  of  this  sugar 
does  not  affeut  the  accuracy  of  ordinary  sugar  assays,  for  the  change 
in  rotatory  power  caused  by  the  inversion  of  a  solution  of  cane 
sugar  has  been  accurately  ascertained,  irrespective  of  the  exact 
taeaaure  of  the  rotatory  powers  of  the  two  glucoses  to  the  combined 
influence  of  which  the  effect  is  due.  It  has  been  found  by  various 
observers  that  a  solution  of  cane  sugar  which  hfifore  inversion 
causes  a  deviation  of  100  divisioii.s  to  the  right,  <^/er  invtmion 
has  a  /(«fo-rotatory  power  of  39  divisions  at  10°  C,  and  conse- 
quently has  undergone  an  optical  change  equivalent  to  a  rotation 
through  139  liivitiom.  Owing  to  the  diminished  optical  power  of 
lievulose  at  high  temperatures,  the  change  by  inversion  is  less  the 
higher  the  temperature  at  which  it  ia  observed,  decreasing  by  one 
division  for  each  increase  of  2°  C.  Thus  at  0°  C.  the  change  by 
inversion  would  equal  144  divisions,  and  the  value  for  any  higher 
temperature  may  be  foimd  by  tlie  equation  : — 

^H  D=144--^. 

^^^^ence  at  15"  C,  the  change  by  inversion  is  136'5  divisions  for 
^^nidution  previously  reading  -|-  100  ;  or  the  number  representing    i 
^^n  change  by  inversion,  howevir  expressed,  multiplied  by  the  factor    I 

^^T'SSfi    (  =  )  shows  the   corresponding    rotation   caused    by     ' 

the    sucrose  in  the    original    solution,  whence    its    pruportion    of 
eane  sugar  may  be  readily  deduced. 

474.  The  above  factor  and  equation  may  bo  conveniently  emu-  j 
biued  as  follows : — C  is  that  part  of  the  rotation  produced  by  the  ] 
uninverted  liquid  which  is  really  due  to  the  cane  sugar  contained    I 
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in  it,  and  D  is  the  change  in  the  polarimetric  reading  caused  by 
the  process  of  inversion.     Then  : — 

144-  — 
2 

Thus,  if  a  saccharine  solution  show  at  16°  C.  a  rotation  of  +  23*0 
circular  degrees  before  inversion,  and  after  inversion  a  Iceno-xotaXorf 
action  of  7*2  d^rees  at  16°  C,  then  by  the  equation  : — 

1 00x^30;2 _  3020  _     ^ 

U4-li~   136   "^^*^^- 
2 

Thus  of  the  23  circular  degrees  of  rotation  produced  by  the 
original  sugar  solution  2 2° '2 6  were  rcaUy  due  to  cane  sugar,  and 
should  be  calculated  to  that  substance,  while  the  remaining  +  0°'74 
of  rotation  was  due  to  dextrose  or  some  other  rfcar/ro-rotatoiy 
substance  not  capable  of  inversion  by  the  means  employed  for  the 
purpose. 

475.  In  employing  the  foregoing  method  of  examining  saccharine 
liquids  containing  any  considerable  quantity  of  invert  sugar,  it  is 
essential  that  the  temperature  at  which  the  observation  of  the 
original  rotaticm  was  made  should  be  identical  with  that  at 
which  the  reading  of  the  inverted  solution  is  taken,  otherwise  an 
oiTor  woidd  be  produced  from  the  altered  optical  activity  of  the 
invert  sugar  originally  pn^sent.  Some  observers  have  held  that 
the  invert  sugar  present  in  raw  cane  synip  is  optically  inactive, 
but  this  statement  has  been  disproved  hy  Meissl. 

The  rotation  due  to  cane  sugar  having  been  ascertained,  the 
amount  of  that  substance*  present  in  the  solution  may  be  found 
as  described  in  par.  470. 

476.  In  the  alx)ve  arguments  the  fact  is  left  out  of  consideration 
tliat  inversion  usually  involves  increase  in  the  bulk  of  the. 
saccharine  liquid.  In  practice,  the  increase  is  neutralised  by 
taking  the  reading  of  the  inrcrted  sugar  in  a  tube  22  centimetres 
in  length  instead  of  20,  as  with  the  original  liquid.  The  22 
<*entimetre  tul>e,  intended  for  the  observation  of  the  rotation  of  the 
inverted  sugar,  should  be  furnished  witli  a  short  vertical  tube  to 
allow  the  insertion  of  a  thermometer,  so  that  the  temperature  of 
the  liquid  during  the  observation  may  be  accurately  ascertained^ 

*  The  increase  in  the  volume  of  the  solution  can  be  avoided  by  inverting 
with  crystallised  oxalic  acid.  A  good  way  of  avoiding  change  of  temperature 
is  to  employ  a  polarising  tube  surrounded  with  cold  water,  on  the  plan  of  a 
Liebig's  condenser. 
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477.  Thk  Invbrsioh  oy  Suoar  for  polarimetric  pupcwea  is  best 
accomplished  in  tbe  following  mitimeT : — The  eugai  solution  is 
clfirified  and  laaAo  up  to  n  definite  vohinte  in  the  manner  deacribed  in 
par.  462  et  aeq.,  and  its  rotating  prtwer  observed  by  the  polarimeter. 
60  c.c.  of  the  solution  ure  then  mixed  with  5  c.c.  of  pure  fuming 
hydrochloric  acid  of  about  1"16  sp.  ftnivitj.  This  is  beat  done  in 
a  flask  having  two  marks  on  the  netk,  one  at  .')0  c.c  and  a  second 
at  GR  c.c.  The  U^k  is  next  heated  on  a  watcr-hatli  till  its  con- 
tents have  acquired  a  tomperatiuu  of  68°  C.,  an  operation  which 
should  be  flrmnged  to  oijcupy  about  ten  minutes.  The  solution  is 
then  cooled  down  by  immereing  the  flask  in  cold  water,  and  if 
coloured,  may  be  shaken  with  a  very  little  bone-black  and  filtered. 
The  liquid  is  then  poured  into  the  22  centimetre  tube,  and  its 
rotation  observed  by  the  polarimeter  in  tbe  manner  already 
described.     (For  other  methods  of  inversion,  see  par.  502  et  seq.) 

478.  Clerget's  method  is  applicable  to  the  estimation  of 
cane  sugar  in  such  complex  saccharine  liquids  as  contain  no  bodies 
other  tlian  cane  sugar,  the  optical  activity  of  which  is  modified  by 
heating  with  dilute  acid  under  the  conditions  sufficient  to  insure 
the  inversion  of  cane  sugar.  But  it  must  be  borne  in  mind  that 
instances  may  occur  in  which  such  changeable  substances  are 
present.  Thus  the  mixture  of  dextrose,  maltose,  and  dextrin 
known  as  "  starch-sugar  "  undergoes  a  change  in  optical  activity  by 
heating  in  solution  with  dilute  acid,  and  there  exist  in  niolaases 
sensible  quantities  of  optically  active  bodies,  which  may  undergo 
modification  by  treatment  with  aeid.  Hence  the  results  of 
Clerget's  method  must  be  received  with  caution  when  applied  to 
such  products. 

It  must  also  be  lionie  in  mind  that  the  presence  of  varioua  sub- 
stoQcea,  themselves  optically  inactive,  has  a  t«ndency  to  modify 
the  rotatory  powers  of  saccharine  liquida,  though  interference  from 
this  cause  is  not  likely  to  occur  in  practice.^ 

'  The  preseaco  of  alcohol  ip  solutJoUH  of  cane  eagar  does  not  mnt«ii»l]y 
ftller  the  rotatory  power,  but  it  reduces  the  rotation  of  invert  sugar.  Free 
anostic  tllculics  nglably  rodure  tlis  ratjitioii  of  saccharine  solutions, 
bat  on  neutralisation  with  acetii'  or  phnsgihoric  acid  tUe  orif^ual  optical 
kctivity  is  restored.  Baryta,  strontia,  and  lime  also  loirer  tbe  rotating 
pDvrer  of  sugar  Botutiona.  The  iiaiitral  carbonates  of  the  alknli  metalir 
hare  but  a  slight  inHucni'e.  aud  the  acid  nlrbonnti?s  none  at  all.  Chloride 
at  sodium  present  in  equal  quantity  to  tlie  uaue  sugar  in  a  ID  per  coqi. 
•olation  of  the  Intter,  reducea  the  rotntion  from  67°-0  to  6£°'3  ;  and  in  a 
solation  containing  20  grammes  oF  atignr  and  20  of  salt  per  100  c.c.  tbi- 
rabtioD  iaonly  61° '0.  Ai-conlingto  Muute,  the  sulpbatea,  ULtrates,  pbosphstva 
uid  acetates  of  the  light  melals  alter  the  polarimelrie  reading  from  2  to  ,1  jier 
cent.,  when  they  are  present  in  the  ]irDiK)rl.ion  of  SO  or  30  parts  to  lODuf  Eugar. 
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479.  Polarimetric  Determination  of  Sugars  other 
than  Sucrose. 

Tim  opticiiJ  fstimation  uf  ail  r'.tatin;,'  sii^'ars  may  be  (.'lleLtcil  <in 
pTUicipIoa  HUniJar  to  those  iilreiuly  lieacribe^I  for  detenuiuiiig  sucrose, 
provided  that  no  interferinfr  substimce  be  preaenL  The  method  of 
clarifying  coloured  Holutium;  is  in  ull  cases  mnch  the  same  as  that 
fomitl  effective  with  cane  sugac  (piu.  463  tt  irq.),  and  the  directiotu 
ne^  not  be  repeated. 

480.  In  prefiarin't  solutiims  of  sugars  other  than  sucrose  for  bx- 
Btninntion  with  the  polariniet^r,  if  the  instruuient  is  merely  gradu- 
ated iu  eane-Bugar  units  it  is  ilosirable  tu  employ  the  orditinry 
standard  weight  of  sugar,  but  the  indicAtiona  requin>  to  be  tian» 
lated  into  those  of  the  partieiilar  specieii  of  sugar  under  examina- 
tion. Thia  may  be  done  by  multiplying  the  observed  sugar-indica- 
tion by  66'5,  the  value  of  Hg  f.ir  cune  sugar,  and  dividing  it  by  the 
specific  rotatory  jiower  (Sd)  for  the  sugar  under  treiitment.  The 
concentration  uf  solutions  uf  iinkiiowii  strength  may  similarly  be 
ascertained. 

481.  When  an  instrument  gratUmted  in  circular  degrees  is  used, 
it  is  simpler  to  make  a  solution  containing  20  grammes  of  the  sugnr 
per  100  C.C.,  and  examine  it  in  the  usual  way  in  a  thickness  of 
2  decimetres.  The  percentage  uf  sugar  in  the  sample  will  then  be 
found  by  dividing  the  specific  rotatory  power  into  the  circular 
angle  of  rotation,  and  multiplviiig  the  number  thtii<  obtained  by 
250.1 

482.  Inflokncb  of  Tjcmpkratuhe,  Kbaction,  &c. 

In  examining  solutions  of  sugars  with  the  polarimeter,  it  must 
be  borne  in  mind  that  the  optical  activity  of  certain  species 
of  sugars  is  modified  more  or  less  by  the  temperature,  con- 
centration, and  other  circumstances  already  alluded  to.  Hence,  to 
ensure  the  bost  results,  the  solution  sliould  have  a  concentration  of 
from  10  to  20  grammes  per  100  cc,  and  the  teiaperoture  should 
he  OS  near  15°  C.  as  possible,  unless  some  other  temperature  he 
deliliorately  chosen,  and  its  eETects  duly  allowed  for.  The  presence 
rif  free  acid  in  moderate  amount  d(«!B  not  infiuence  the  rotatory 
piiwer  of  sugars,  but  any  alkalirif  reaction  must  he.  carefully 
neutralised  before  taking  the  observation. 

483.  Bl-KoTATioN  is  a  term  employed  to  signify  the  curious 
change  in  optical  activity  which  in  undergone  by  the  solutions  of 
certain  sugars  when  kept  or  liiinted;  The  change  in  optical 
activity  is  probably  due  to  tho  existence  of  two  modifications  of 
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bi-rotating  sugar,  a  niiil  ft  llie  liret  of  whiuh  ie  present  in  frealiiy- 
iiiiule  solutioUB,  but  iiiideigoeB  conyersicm  into  j8  in  the  couKe  of  a 
few  hours  at  the  oniinary  tenipemtiire,  or  immediately  on  heating 
the  liquid.  In  some  cases  (e.)/.,  dextroae  and  milk  sugar),  Hn- 
freahly-inode  solution  has  a  greater  optical  activity  than  after 
keuping,  wliilst  in  others  {e.g.,  inaltoae)  the  rotation  iui-rejisea  on 
standing.  To  avoid  the  em>r  due  Ui  bi-rotation,  the  solution  of 
a  solid  sugar  (other  than  sucrose)  should  always  be  heated  to 
Iwiling  1»fore  introdueing  it  into  the  observing  tube,  ft  is 
desirable  to  heiit  tin;  .inlntioii  bpforc   finally  making  it  up  to  an 
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TIONS. 

484.  An  aijueous  Holutiou  of  cane  sugar,  containing  10  grammes 
-t  tiR-  soliii  in  each  100  cc,  has  a  density  of  I-038'6  at  15°-5  C. 
(  =  60'  F.).  The  weight  of  water  in  TOO  cc.  of  this  solution  is 
103-86- 1000  =  93-86  gninuttea.  Aa  this  would  occupy  93-86 
L'.c,  the  volume  oi-cupied  by  the  10  gnunnica  of  sugar  is  6-14  ex., 
whence    the  spL-oitii;  griivity  of  the    sugar  in  a  state  of 

wililtion    is  =r628, — a    tigiiro    which    ngreea    ulomdy   with 

those  obtained  in  a  Bimilivr  manner  for  other  carbohydrates. 

465.  From  careful  determinations  it  a|)pears  that  aolutions  of 
equnl  strengths  containing  different  carbohydrates  have  af^Toxi- 
inately  the  same,  though  not  strictly  identical,  B]M!cific  gnivities. 
In  other  words,  the  density  of  the  solution  dcpiends  chiefly  on  the 
iimoimt  of  .>;olid  dissolved,  and  not  on  the  percentage  of  carbon  in 
lh<i  liquid.  As  a  conse<|uenc«  of  this  fact,  it  is  found  that  solutions 
uf  cane  sugar  increase  very  sensibly  in  density  on  inversion  by  dilute 
scid,  or  H  small  quantity  uf  yeast,  and  a  similar  increase  of  density 
is  observed  by  the  hydrolysis  of  maltose.' 

'  The  incrsaae  in  the  denaity  of  tane  sugar  nolationB  by  invorBion  has  • 
pnctiol  tvariug  of  nu  unpleasant  ciisrscUr,  u  souie  breweri  havo  discovered 
Id  their  coNt,  the  ilnty  on  worts  lieing  levieii  on  the  content  of  Mecharin« 
matter  as  indi»ited  by  the  specific  gravity.  Hence,  if,  from  the  prraenM  of 
Irarea  of  aciiU  or  femientB,  the  dissolved  sugnr  gradually  nndergoes  inveniun, 
tlm  brewer  will  l«  liable  to  an  increased  duty.  Occasionally  bo  lias  be«n  cb&rged 
with  having  aiirrepUtioualy  uddcd  more  eiigar  to  h'a  wort,  thoQKh  the  real 
natare  of  tho  change  ought  to  bo  known  to  the  F.toIsp.  Direct  ealimntion  of 
the  solid  mutler  in  the  solution  appeals  lo  contpin  the  calcnlation  from  the 
density,  owinR  lo  the  fixation  of  the  elements  of  water  in  the  inversion  of  the 
sugar.  By  eompletely  inverting  the  solation  with  acid  (making  due  allovranct 
fw  the  incrnuo  of  denaity  dne  to  the  add  used),  cslcuUting  the  augiir  fmiD  the 
bVUL  I.  1 
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486,  The  following  table  shows  the  specific  gravity  of  solutioiiB 
o(  sugars  sml  allied  substances  under  three  different  conditions, 
namely : — 

(o)  Solutions  containing  4-21  fwr  cent,  of  carbon,  which  is  the 
proportion  present  in  u  solution  containing  10  per  cent,  by  weight 
of  cane  xiigiLT ; 

(li)  .Solutions  containing  10  grammeB  of  the  solid  in  100 
grammes  leeight  of  liquid ;  and, 

(e)  Solutions  containing  1 0  graiiuucs  of  the  solid  in  1 00  ex. 
viHuure  ot  the  solution. 

The  figures  refer  in  all  cases  to  densities  at  15°-5  C.  (  =  60'  F,), 
water  at  the  same  temperature  being  takeji  as  1000. 
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density  and  deductiitg  ,V  for  increase  of  grnTity  due  to  invi'taioii,  the  unoont 
oE  tiugnr  wliich  vss  present  in  the  wort  may  be  HDCvituneiL 

*  RspoH  OH  Original  Oravitia,  18S2,  by  Graham,  HoEmnnn,  and  Redwood. 

»  Jour.  Chftn.  Soc.,  xxxv.  689  <l  iiq. 

'  O'Snlliran'B  origiDBl  figure  for  the  aulution -density  of  maltose  was  103S'6 
(Jour.  Chem.  Soc.,  izx  130),  and  be  adojit«d  the  Eaine  ligare  for  dextrin  ;  but 
in  a  recent  letter  thia  chemist  infonus  the  u'riter  that  he  unw  takoa  1039'S  oa 
the  donsity  of  solutions  of  maltose  and  dextrin  conUining  10  grammes  of  the 
solid  per  iOO  c.e.,  thu  lower  figure  being  a  consequence  of  the  extreme  difficulty 
of  obtaining  these   carbohydrates  in   a   eondition  of  absolute  dryn»s  ted 
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487.  In  practice  it  is  convenient  to  assume  the  solution-densities  of 
the  carbohydrates  in  the  table  to  be  uniformly  1038*6,  for  a  concen- 
tration of  10  grammes  per  100  c.c.  This  is  Brown  and  Heron's 
figure  for  cane  sugar,  ^  and  is  not  far  from  the  mean  of  the  whole 
table. 

488.  The  density  of  solutions  of  dextrin  and  the  chief  kinds  of 
sugar  being  almost  identical,  it  follows  that  the  sum  of  them  pre- 
sent in  an  aqueous  solution  may  be  foimd  approximately  by  allow- 
ing an  increase  of  3 '86  in  density  for  each  1  gramme  of  sugar  or 
other  carbohydrate  in  100  c.c.  of  the  liquid.  For  very  dilute 
solutions  of  cane  sugar  this  figure  is  correct,^  but  for  those  contain- 
ing more  than  12  of  solids  per  100  volimies,  the  divisor  3*85  gives 
still  closer  results. .  If  W  be  the  weight  of  the  solid  carbohydrates 
in  100  cc,  and  D  be  the  density  of  the  solution  at  60°  F.  (com- 
pared with  water  as  1000),  then  the  value  of  W  may  be  found  by 
the  equation — 

W=^^^J;i^  =(D- 1000)  X -2597. 

From  the  number  thus  foimd  for  W  (  =  the  number  of  grammes 
of  solids  in  100  cc.)  the  weight  of  solid  carbohydrates  in  1 00 ^ar^j? 
hy  iceight  of  the  liquid  (w)  may  be  found  by  multiplying  W  by 
1000,  and  dividing  the  product  by  the  density  of  the  liquid  : — 

1000  XW 
^^  =  — D— • 

489.  By  the  Inland  Revenue  Act  of  1880,  the  specific  gravity  of 
standard  wort  was  fixed  at  1057  at  a  temperature  of  60°  F.  Hence, 
such  wort  contains  14*8  grammes  of  solids  per  100  c.a,  or  148  lbs. 
per  100  gallons  ;^  for — 

1057-1000 
~"3"85~"  =  ^^^' 

*  Brown  and  Heron  {Jour,  Chem,  Soc.,  xxxv.  644)  have  laid  down  a  curve 
by  which  the  strength  of  cane  sugar  solutions  can  be  readily  ascertained  in  all 
cases  of  less  density  than  1150. 

'  It  is  surprising  how  difficult  it  is  for  an  unscientific  mind  to  grasp  the 
true  relations  between  weight  and  volume.  Thus,  the  provisions' of  the  Inland 
Revenue  Act  relating  to  density  were  at  first  wholly  incomprehensible  to  the 
majority  of  brewers.  A  very  common  fallacy  was  to  suppose  that'a  barrel  of 
wort  which  weighed  20  lbs.  more  than  the  same  barrel  would  if  filled  with 
water,  mmst  necessarily  contain  20  lbs.  only  of  dr}'  extract. 
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This  result  gives,  by  the  second  equation,  14*0  paria  of  solicls  in 
100  parts  by  wtjight  of  the  liquid ;  for — 

'^=i057=^^'^- 

For  all  sacchaiine  solutions  of  moderate  strength  the  foregoing 
fomiulsB  will  answer  every  purpose.  Solutions  of  invert  sugar 
respond  to  the  fonnulse  up  to  aljout  20  per  cent,  of  contained  solid, 
but  more  concentrated  solutions  should  be  diluted  with  a  known 
proportion  of  water  Ijefore  applying  the  method. 

490.  Tables  showing  the  densities  of  concentrated  solutions  of 
cane  sugar  liave  been  published  by  G(irlach,  Scheibler,  Balling, 
and  Brix.  The  following  figures  are  chiefly  those  of  Grerlaclv  and 
will  answer  every  f)ur])ose  : — 
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491.  Correction  op  Densities  of  Saccharine  Solutions  for 
Temperature. — In  breweries  it  is  often  convenient  to  ascertain 
the  density  of  the  wort  at  a  temperature  above  that  of  60°  F.  (  = 
16°  "6  C),  in  which  case  the  specific  gravity  as  observed  by  th«' 
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hydrometer  can  be  calculated  into  the  corresponding  number  for  a 
temperature  of  60°  F.  in  the  foUowing  manner : — 

To  unity  add  '004  for  every  degree  of  specific  gravity  above 
1000  {if)  shown  by  the  hot  wort,  and  '01  for  each  Fahrenheit 
•legree  of  temperature  {t)  above  60°  F.  Multiply  the  sum  of  these 
by  >|^th  of  the  number  of  Fahrenheit  degrees  above  60°  F.,  when 
the  product,  added  to  the  density  of  the  hot  wort,  will  l)e  a  number 
representing  the  specific  gravity  of  the  liquid  at  60°  F.  The  rule 
is  expressed  by  the  following  formula  : — 

P_/i  ,  0/- 1000)4,  <-60y-60 

^  -  ( ^  +  -  1000     +  100  )  W  +•'• 

Thus,  if  the  wort  be  foimd   to  have  a  density  of  1052*0  at   a 
temperature  of  110°  F.,  then  by  the  formula  : — 

/         (1052-1000)4     110-60x110-60 

^-(^+"1600  +      100"/"^"    +^^^^• 

G=(l+•208+•5)5+1052. 
0=1-708x5  +  1052. 
(1=1060-54. 


The  formula  may  be  simplified  if  for //— 1000  be  substituted  e^  the 
excess  of  density  over  1000  at  the  observed  temperature  ;  and  for 
t  be  substituted/,  the  excess  of  temperature  above  60  F.  The 
formula  then  becomes  : — 

46' 


^=(1+  io-Uo+iooJi^+"- 


Corrections  of  densities  of  cane  sugar  solutions  for  temperature 
may  be  made  by  the  same  formula. 

492.  SdiCCliarOIXieters, — Various  modifications  of  the  hy- 
drometer have  been  divised  and  used  for  ascertaining  the  density 
of  saccharine  solutions.  Of  these,  Baume's  instrument  is 
unfortunately  still  largely  used.  The  method  of  inter])reting  its 
indications  and  the  confusion  caused  by  its  use  are  described  in 
par.  11. 

Bates'  Brewers'  Saccharometer  is  much  used  for 
testing  the  strength  of  beer-worts,  and  hence  it  is  describeil  on 
page  273. 

493.  On  the  Continent,  Balling' s  Saccharometer  is 
much  used.     If  B  =  degrees  of  Balling  and  h  those  of  Bates,  the 
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indications  of  one  inBtntment  may  1»  cakiiiated  to  thoB«  of  the 
other  by  the  following  fonnnlffl  ; — 

_        260t  J  ,        360H 


The  siiccIiiti'DijK'ter  of  1{  r  i  x  is  iiiui'tiriJiy  the  same  aa  tbal  uf 
IWliiiR.  Iji  cuch,  thy  number  of  degrees  is  identical  with  tlie 
])nii-ontnge  by  weight  of  cane,  miyar  in  the  solution-     (S<te  par,  490). 

ACTION  OF  STBOKO  ACIDS  ON  SUGARS. 

494.  Sugars  linviu^  the  constitution  of  aldehydes  of  |xj]yatomiu 
alcohols,  or  oxygen-ethura  of  the  same,  the  general  tendency  uf 
strong  acids,  esi>ecially  organic,  is  to  convert  them  into  ethereal 
comjHtuuds.  Thus,  by  the  action  of  OfCetie  aeid  or  anhydride  on 
cane  sugar,  acotyl-derivatives  are  formed,  containing  I,  4,  5,  6  or  8 
atoms  of  the  acid-radicle  C^HgOj,  ac(xinliDg  to  the  details  of  the 
treatment.  M  on  o-a  ire  to- sucrose  has  the  cuupositioii 
C[jHjj(CjH30j)0j|.  These  acetyl  derivatives  are  true  ethers,' 
licing  sai»nifietl  by  caustic  [icitash  witli  formation  of  potassium 
acetate,  and  cane  sugar. 

495.  Action  of  Nitric  Acid. 

By  the  action  of  raid,  very  nmcetit rated  nitrie  aeid  many  of  tlie 
sugars  yinld  nitric  ethers  of  an  explosive  eharaeter.  Thus,  the 
bodies  CuHj(,(N  Ug)3U„  and  C,jH„(NOj)jO„  are  produced  by 
adding  milk  sugar  to  a  cold  mixture  of  concentrated  sulphuric  and 
nitric  acids.  On  diluting  the  solution  with  water,  the  nitric-deriva- 
tives  are  precipitated.  If  the  temperature  be  allowed  to  rise,  tlie 
sugar  is  oxidised  with  violence. 

496.  When  heated  with  dilute  or  mndivalely  i^onettdraleif  nitrie 
arid,  the  sugars  yield  oxidation-produc;tB,  of  which  ni  u  i:  i  c, 
saccharic,  tartaric,  and  racemic  acids  ai^  the  most 
constimt  and  characteristic  The  formation  of  the  isomeric  mucic 
and  saccharic  acids  is  represented  by  the  following  equation  : — 

(.aHigOa+0,  =  CoHi,Og+HjO. 
Tartaric  acid  is  piiilwibly  formed  by  the  further  oxidation  of 
siuicharic  acid,  and  rac^mic  by  the  oxidation  of  mucic.  Sacchario 
ucid  is  the  product  of  the  action  of  dilute  nitric  acid  on  cane  sugar 
dextrose,  manuite,  mycose,  &c.,  while  mucic  acid  resiUts  from  the 
cautious  oxidation  of  diilcite,  melitose,  lactose,  &c. 


XI  Berthulot  the  products  of  the 
;iie  not  glucDnideB,  but  ethers  of  gluco 
wstsr  being  eliminated. 
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i97.  For  the  preparation  of  mucio  or  saccharic  acid  the  aiigar 
slionld  be  heated  on  the  wat^r-bath  with  ahout  4  timee  its  weight 
of  nitric  acid  of  1  "27  Bpetiliii  gravity,  until  gas  ia  copiously  evolved, 
when  the  mixture  is  maintained  at  about  60"  till  it  b<)gins  to 
become  brown,  or  the  evolution  of  gas  i*aaes.  The  liquid  is  then 
diluted  with  half  ite  bulk  of  water  and  allowed  to  stand.  On 
cooling,  mucic  and  oxalic  acid  will  ciyatoUiiie  out,  and  may  Iw  . 
separated  by  wonu  alcohol,  iu  which  only  the  oxalic  acid  dissolves. 

4d8.  Mucio  AotD  forms  a  sandy  crystalline  powder  or  crystalline 
plates.  It  requires  66  parts  of  boiling  water  for  Bolntioii,  and 
it  is  nearly  insoluble  in  cold  water  or  alcohol.  The  muuates 
are  mostly  insoluble,  even  the  neutral  potassium  salt  licing  oidy 
apwingly  dissolved  by  water,  but  the  acid  salt  is  somewhat  more 
■oluble. 

199.  Saccharic  Aoiu  remaints  in  the  liquid  from  which  mucic 
tai  osalic  iicid  have  crystallised  out.  The  solution  should  be 
neutralised  by  ]»otaseiuni  carbonate,  strongly  acidulated  by  auetie 
Kcid,  and  allowed  to  stand,  when  the  sparingly  soluble  acid 
potassium  saccha'rate  crystallises  out  in  brownisli  crusts. 
By  re-ciystallising  this  salt,  neutralising  the  solution  with  potash, 
precipitating  with  cadmium  sulphate,  and  decomposing  the  in- 
soluble cadmium  saccharate  by  sulphui'etted  hydrogeu,  a  solution 
is  obtained  which  on  evaporation  yields  saccharic  acid  as  an  amor- 
phous deliquescent  substance,  easily  soluble  in  alcohol. 

500.  By  treatment  with  luit  cottcentrated  nitne  acid,  the  sugats 
I  undergo    oxidation    to    more   simple   products,   such    as    oxalic 

■  acid,  CjHjO^  and  carbonic  acid. 

I     501.  Action  of  Concentrated  Snlphuric  Aoid. 

Cold,  foncmitraled  milphuric  aeid  converts  some  of  the  sugars 
I  into  definite  compounds,  the  body  yielded  by  dextrose  being 
I  ^CgHjgOgiSOj,.     This  behaviour  distinguishes  dextroBe  from  cane 

_ar,  whicli  is  carbonised  by  concentrated  sulphuric  acid  with  great 

■  facility.      A  strong  syrup  of  cane  or  milk  sugar  mixed  with  concen- 
r  tmted  sulphuric  acid  is  immediately  decomposed  with  evolution  of 

sulphur  dioxide   and  other   volatile   jiroducts,   and   furinntion   of   a 
very  bulky,  black,  cutbonaceou.'i  mass. 

ACTION   OF  DILUTE  ACIDS  ON  SUOASS.    IN- 
VEESION. 

502.  Wlien  an  aqueous  solution  of  cane  BUgar  is  heated  with 

dilute    sulphuric    or    hydrochloric    acid,  the  solution  increases  in 

I  density,    and  the  sugar    loses    its  power   of    readily  crystallising. 

I  This  change  in  properties  is  attended  by  the  assimilation  of  the  ele- 

I  nente  of  water,  with  formation  of  the  mixture  of  sucro-dextrose 
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and  sucro-laevulo 
B  u  g u  r  : — C,jH^O,i  +  H^O  =  2CgH,jOg.  The  fate  of  inveraion  de- 
pends maliily  on  the  iiruportion  of  iwid  used,  itti  cliemicn]  activity, 
and  the  temperature  employed  in  the  oppmtion.  Thus,  dilute  miI- 
phuric  and  hyilrochloric  acids  effect  the  inversion  of  cane  Biijjar 
at  tlie  (irdiuary  temiwratun;  after  itome  time,  and  thu  change  U 
vety  rapid  al  a  tempcralun^  of  65'^  to  70"  C.  On  tlie  other  hand, 
acetic,  tartaric,  citric,  and  sulphurous  acids  act  very  slowly  at 
ordinary  tomp'nitureB,  Concentrated  solutions  of  cniic  sugar  are 
completely  inverted  with  conaidorable  difficulty. 

503.  Tlie  property  of  undergoing  hydrolyaiH  by  heating  with 
dilute  acids  is  not  limited  to  sucroae,  Iteiiig  apparently  common  tft 
all  tho  saccharoses.  In  some  aksn-a  two  dissimilar  glucoRes  remUt, 
while  ill  otiiere  but  one  variety  apijtsara  Ui  be  produced, 

504.  When  a  sohtion  of  cane  sugar  is  converted  by  hydrolysis 
intti  one  of  Ifflvulu-dextroaei  the  optica!  activity  is  changed  fmm, 
rig/it  to  Ifft-fiamled,  or  is  "inverted."  The  temi  inmrKum  is  now 
applied  generally  to  the  process  of  hydrolysis  of  the  saccharom^ 
whether  or  not  the  same  optical  change  l>e  produced. 

The  following  table  shows  tlu-  prmlucts  of  the  hydrolyais,  or 
"inversion"  of  the  principal  BftccharoseH: — 


9ikaoUAS.atZ,  CuH^O,,. 

Behvltant  Gi.DCoeEs,  C,HaO*. 

Cuaaugar. 
Milk  sugar.    ' 

H.Iit««. 
Mol»itow-. 
Srnanlhniw:, 
Mycoee. 

Suora-de«trosa. 

Deitrose  wid  cncalyu. 

Dertrow. 

Dn«ro»e  auil  a  Iwvo-giuLOse. 

DeitruM. 

505.  SucROSB  is  moat  readily  and  certainly  inverted  by  addJn^ 
to  a  solution  containing  not  more  than  25  grammes  of  the  solid 
per  100  c.c,  one-tenth  of  its  hulk  of  fuming  hydrodiloric  acid,  and 
then  heating  the  liquid  to  70"  C.  for  ten  or  fifteen  minntM.. 
Some  operators  prefer  dilute  siilphiiric  to  hydrochloric  acid,  and 
heat  the  liquid  to  boiling  for  five  or  ten  minutes.  (See  also  fi«. 
207.) 

The  inversion  of  sucrosn  by  yenst-iiifusion  is  described  in  jmit, 
563. 

506.  Milk  Suoar  is  less  readily  inverted  than  sucrose,  being 
imatTected  by  boiling  for  ten  minutes  with  two  grammes  of  citric 
acid  per  100  c.c.  of  the  B<)liition. 
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507.  Maltosb  is  inverted  less  reailily  than  sucrose,  boiling  for 
live  minutes  with  dilute  sulphuric  acid  producing  comparatively  little 
change.  Its  inversion  is  iKJst  effected  by  adding  3  c.c.  of  concen- 
trated sulphuric  acid  to  each  100  c.c.  of  the  solution,  and  heating 
the  liquid  in  a  water-bath  for  three  or  four  hours.  i\jiy  dextrin 
which  may  be  present  will  be  converted  into  dextrose  simultane- 
ously. According  to  Meissl,  only  98*5  i)er  cent,  of  maltose  can  be 
converted  into  dextrose  by  boiling  with  dilute  sulphuric  acid  of 
the  above  strength,  and  this  result  is  only  attaine<l  under  the  most 
favourable  conditions,  as  a  point  is  ultimately  reached  at  which 
the  desti*uction  of  the  ready-formed  dextrose  j)rocee<l8  faster  than 
its  formation.      Hence  too  long  a  treatment  is  objectionable. 

508.  In  effecting  the  inversion  of  maltose  and  dextrin  by  dilute 
acid,  it  is  very  desirable  to  watch  the  progress  of  the  oi)e ration  by 
testing  sample-portions  of  the  licpiid  periodically.  WTien  two  suc- 
cessive portions  of  the  solution  yield  the  same  residts  on  being 
appropriately  tested,  the  reaction  is  complete.  To  facilitate  the 
taking  of  the  samples,  the  acidulated  sugar-solution  may  be  con- 
veniently contained  in  a  tapped  8e]>arator  (fig.  7,  i)ar.  86)  furnished 
above  with  a  cork  and  long  glass  tube,  and  immersed  in  boiling 
water.  This  arrangement  prevents  any  charring  of  the  sugar  by 
concentration  of  the  sulphuric  acid  (m  the  sides  of  the  vessel. 
Samples  of  the  solution  may  be  removed  through  the  tap  periodi- 
cally and  tested.  WTien  the  polarimeter  is  used,  the  sample 
quantity  can  l>e  returned  to  the  bulk  and  the  whole  further  heated, 
but  when  Fehling's  solution  or  other  chemical  reagent  is  employed 
this  is  not  practicable.  In  such  cases,  it  is  sometimes  convenient 
to  divide  the  original  solution  into  a  scjries  of  small  quantities  of 
10  c.c.  each,  placed  in  test-tubes  loosely  corked.  The  test-tube« 
are  siurounded  by  an  india-rubber  band,  and  immersed  together  in 
boiling  wat<;r,  one  of  them  being  removed  fnuii  time  U)  time  for 
the  contents  to  be  tested. 

H.  T.  Brown  and  Charles  Graham  condemn  the  use  of  increased 
pressure  when  an  .accurate  conversion  of  maltost^  or  dextrin  to 
dextrose  is  desired,  but  C.  O'Sidlivau  informs  the  author  that  the 
purest  yield  of  dextrose  is  obtained  by  heating  30  grammes  of  the 
saccharine  matter  in  100  c.c.  of  water  containing  1  c.c.  of  sulphuric 
acid,  at  a  pressure  of  one  additional  atmospheni  or  less.  Under 
these  circumstfuices  piu'e  dextrose  results  after  a  treatment  <»f 
twelve  to  twenty  mmutes.^ 

^  A  suitable  apparatus  for  heating  such  liquids  uuder  increased  pressiu-o 
consists  of  a  soda-water  bottle  fitted  vrith  an  india-rubber  stopper  through 
which  passes  a  long  glass  tub^,  which  is  bent  twice  at  right-angles  and 
immersed  to  a  depth  of  30  inches  in  mercury  contained  in  a  long  vertical  glass 
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When  t!ie  mverted  sohitiou  of  a  sugar  in  to  be  ilfcoloris«d  l)y 
basic  acetate  of  lend,  or  trenteil  by  FelilinR'n  solution,  the  free  ftoid 
eontaiiieil  in  it  should  first  be  warly  neutralised  by  the  Hildidon 
of  aodium  carbonate. 

G09.  By  the  iiralonged  action  of  dilute  acid  on  sugars,  tbe 
hydrolysis  goes  ii  step  further,  with  formation  of  lui  unfermentftble 
body  of  the  formula  CgH,^(.)j. 

610.  FEBMENTATION  OF  SVGABS. 

On  reforenw*  tu  the  tjibl.-s  (p.  189  H  i-rif)  it  will  be  aecn  that 
the  three  classes  of  sugarw  aif  distinguished  from  each  other  by  their 
behaviour  with  ferments,  the  nacfharoida  l>eing  unfenn eatable,  the 
ij/ueourg  directly  fermentable,  and  the  ttoMharintes  eujiable  of  fer- 
nientation  after  iuveraiou  by  yeast  or  dilute  acids. 

SII.  Action  of  Teast. 

The  foniiiition  of  h  Ic  -j  h  o  1  mid  other  products  by  the  action  of 
yeast  on  Bauchariiie  sdhitiona  has  already  be«n  described  (par.  16S 

As  a  certain  time  is  required  for  the  ijiversion  of  cane  sugnr  op 
other  8ac4!hai'ose  by  yeoHt,  the  gbicoses  usually  ferment  more  readily 
and  ([uickly  than  the  naecharosea.  Indeed,  if  the  proportion  of 
yeast  bo  very  small,  the  change  of  aucroae  does  not  go  beyond  the 
fonuation  of  invert  sugar.       (See  also  par.  562  nt  op?,) 

613.  Detection  of  a  Fermentable  Sugar. 

To  recognise  the  presence  of  a.  fermentable  sugar  the  subatanw 
should  be  dissolveil  in  water  in  such  proportion,  or  the  liquid 
tihould  be  concentrated  ta  such  an  extent,  as  to  produce  a  solutum 
containing  from  5  to  1 6  per  rj.>iit.  of  saccharine  matter  (a  solution 
of  cane  sugar  of  n  density  of  1038'6  cflntaina  10  granunea  of  the 
Rolid  per  100  c.e.).  The  liquid  \»  neutralised,  if  already  aud,  and 
tlien  slightly  acidulated  with  tartaric  acid,  and  mixed  with  ■ 
little  good  yeast,  previously  washed  with  cold  distilled  water 
free  from  starclt-  5  cc,  of  the  liquid  should  then  be  introduced,  by 
means  of  the  cup,  into  the  tube  of  a  nitrometer  filled  with  meicuiy, 
and  kept  at  a  tompeniture  of  20°  to  30'  C.  If  a  glucoeo  be 
present,  carbon  dioxide  will  be  evolved  in  a  few  hours,  and  will 
displace  the  mercury  iu  the  nitrometer.  Cane  sugar  and  other 
saccharoses  require  a  longer  time  for  ferraentntioti  to  set  in,  but 
the  end  their  Whaviour  is  the  same. 

tube  ar  piece  of  narrow  gas-pipe.  Tbu  Btup|ier  should  be  cnrcfallj  secured  by 
wire.  The  soda-nrnter  bottle  may  be  heated  in  a  bath  of  paraffin  nr  oil, 
a  boiling  aaturated  solution  of  sodiam  nitrate.  This  ban  a  temperatura  t 
Biianding  tn  ati  additional  Btmaspben!  of  pressure,  ao  that  no  regulation  ii 
required. 
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It  is  itlwayf  deBirable  to  niukn  n  blank  experiment,  eu  as  Lo 
ascertain  jjositively  that  tJiu  yuaat  den's  not  itself  yitld  any  notable 
quantity  of  carbonic  acid  under  the  conditions  of  the  experiment, 

A  ncftative  result  with  yeast  does  not  absolutely  prove  the 
abflence  of  a  formeutable  sugar,  ns  very  small  iiuantities  af  thymol, 
salicylic  acid,  and  other  antiseptics  wholly  prevynt  the  alcoholic 
fennentation. 

313,  Dbtbhuikation  op  Huoajw  bv  Fbbmkntation, 

The  forejfoing  process  may  readily  he  made  roughly  qiianHtatiw, 
hut  if  that  he  desired  it  is  hetler  to  operate  in  an  apparatus  such 
oa  i«  euipioyfd  for  the  analysis  of  carbonates,  and  determine  the 
diy  carbon  dioside  from  the  loss  of  weight  undergone  by  the  appar- 
atus. The  fermentation  is  usually  practically  complete  in  forty-eight 
hours,  bnt  should  he  continued  as  long  as  any  notable  quantity  of  gas 
continues  to  l>e  evolved.  The  weight  of  carbon  dioxide  evolved, 
multiplied  by  2'0454,  gives  that  of  the  glucose  fermented,  which 
figure  miiltipiied  by  0*9fi  Hives  the  corresponding  weight  of  cane 
sugar  or  other  saccharDse, 

514.  Instead  of  meaxuriug  or  weighing  the  carbon  dioxide  pro- 
duced it  is  in  some  respects  preferable  to  determine  the  aleohoi 
foTUied.  The  pnJcesa  is  conducted  as  already  described,  but  it  is  not 
<leBirablu  to  employ  less  than  50  or  100  c.c.  of  the  solution,  which 
should  by  preference  have  a  concentration  of  12  to  16  per  cent. ; 
O'S  gramme  of  pressed  fresh  yeast  is  sufficient  in  most  citses, 
especially  if  ;i  little  yeast-ash  be  added,  but  it  is  desirable  to  add  a 
little  more  yeast  at  tlie  end  of  the  action  to  ensure  that  no  furth^ 
fermentation  can  be  induced.  The  liquid  should  be  kept  at  a 
temperature  of  20°  to  23°  C.  fur  two  or  three  days,  after  which 
the  liquid  is  distilled  to  aljout  one-third,  the  distillate  weighed, 
and  the  alcohol  contained  in  it  ascertained  from  the  density  (par. 
163,  6).  The  weight  of  alcohol  thus  found  when  multiplied  by 
2*02  gives  the  glucose,  or  by  1  '96  the  cane  sugar  from  which  it 
was  derived. 

Some  operators  prefer  to  employ  a  large  quantity  of  yeast,  such 
as  10  or  even  20  grammes.'  In  such  cases,  it  is  very  desirable  to 
conduct  a  blank  experiment  witli  the  same  quantity  of  yeast  and 
water,  side  by  side  with  the  test  of  the  saccharine  liquid,  and  to 
deduct  the  alonhiil  found  in  the  former  case  from  that  obtained  in 
the  Iatt«r,  before  calctdating  to  the  e<^uivBlent  of  sugar.  A  Aill 
better  plan,  perhaps,  is  U)  ferment  a  solution  of  cane  or  invert  sugar, 
of  known  strength,  side  by  side  with  the  samples,  when  the  ajnounts 
'  Dr  Jsiuts  Belt  recommcndB  the  use  of  tOO  grains  of  sagar  in  J  per  coat. 
■olntion,  vhich  is  fonnrnted  with  200  grains  or  yeast  There  seems  to  he  no 
adruitage  in  Qsing  so  dilute  n  sacchnrine  liquid. 
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of  auf^ar  in  the  two  Iii|uuli4  will  Im'ut  U<  iiac-h  oth<--t  the  same  propor- 
tion as  tht!  iimount«  of  alculiol  |>roUueed  by  their  dietillatitin. 

515.  Another  iiietboJ  which  has  btien  aiify^ted  for  estimB^ng 
aiignr  from  the  results  of  its  fermentationhy  yifoat  eonsiate  in  noting 
t)ie  " gravity  lost"  in  the  |ikmi»8s.  That  is,  thi>  density  of  tlw 
(triginol  eauchurine  aoliitiou  is  uliserreil  luiil  noniiMireil  with  that  of 
the  fenuonted  ]i(jiiid,  itftcr  tUteriug,  wii^hiiig  tlie  residue,  boiliuguff 
the  alcohol,  nnd  making  up  the  dilution  t<i  it^  i>riKtQ«l  volunici 
The  difference  is  tlie  "gravity  lost"  by  the  fermentation.  Tlie 
"  Bpirit-iudicatioii "  uorrospondiii{{  to  the  value  thus  found  is  tutxr- 
ttined  by  reference  to  the  table  on  pnge  99,  nnd  tins'  figure  suU- 
tracted  from  1000  giviw  the  ilensity  of  thu  dilute-  nludinl  produced 
by  the  fonneutatiini.  Tho  stniigth  of  tliii'  can  Iw  nacertainud  Yy 
reference  to  the  tahletf  in  {Mr.  156,  nnd  the-  weight  m  iimv«d  ak 
can  be  calt^ulated  Into  itn  e^jnivalent  of  eano  Mitgiir  or  nmlt^^se  hy  Hut' 

faetor    ^  =  TOO,  or  into  glucose  1>J  thf  fuctur  — , 
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glucose  niny  also  bo  doduced  by  calculating  0'219  per  cent.  tortmA 
degree  of  gravity  lost. 

It  ia  evident  that  the  Inst  described  metho<l  can  U'  advanta^ 
oualy  eni]iloytHl  iia  a  clieck  on  the  distillation  process, 

1)16.  Instmul  of  cgtimating  the  sugar  from  the  dcuaity  (rf  tlw 
solution  before  and  afU'r  fermentation,  eqnal  volirnies  of  the  uiguinl 
and  the  hltered  fermeuted  liquids  may  be  evaporated  to  drynra^ 
and  the  quantity  of  sugar  deduced  from  the  loss  of  weight.  An 
addition  of  6  per  cent,  to  the  amount  of  sugar  thus  found  should 
be  made  as  a  correetiun  for  the  succinic  acid  and  glycerin  which 
nrc  produced  by  the  fermentation  and  remain  in  the  residue 
from  the  fermented  liijiud.  When  the  quantity  of  sugar  is  snul^ 
this  method  is  proferalile  to  an  estimate  based  tin  the  gravity  loat 

In  determining  sugar  by  fermentation  with  yea^t  it  is  deaintbla 
to  add  to  the  solution  a  liltie  ycaat-nsh,  or  phosphate-  of 
and  nitrate  of  potassiuiii,  so  as  to  funiish  the  yenst  vith  Hm  iu-^ 
orgainc  elements  requisite  for  its  nutrition. 

Tlie  deterniinallon  of  sugar  hy  fermentation  with  yeast 
sionully  very  valuable,  and  when  the  process  is  rnrefully  conduoted 
the  results  are  fairly  accurate. 

517.  Lactons  Fermentation. 

Under  the  influence  of  uertain  organisms  or  ferments 
in  decom]M>8ing  albuminous  matters,  many  of  the  sugars  are  uonvetfud 
into  lactic    a  c  i  il,  in  accordance  with  the  following  equation 
C(Hj2nj=2CjHg()j.     The  action  soon  conit-s  to  an  end  in  praotioa 
thiflugb  the  retarding  influence  of  thi>  lactic  aiid  produced,  but  if 
this  be  kept  constantly  neutntliseil  the  femieiitiilinu  proceeds 
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the  whole  of  the  sugar  is  transformed.  This  usually  oceurs  in  two 
or  three  weeks,  but  if  the  experiment  be  furtlier  j>rolonged  the 
lactic  acid  first  produced  is  decomposed,  with  evolution  of  hydrogen 
and  carbon  dioxide  find  formation  of  butyric  acid. 

2C3Hg(  )3  =  C^HgO^  H-  2C(  )^ + 11.^. 

518.  In  pmctice,  the  lactous  fermentation  is  most  conveiuently 
excited  by  putrid  cheese,  chalk  or  magnesia  being  added  to  the 
Hquid  to  neutralise  the  lactic  acid  as  fast  as  it  is  formed.  The 
followihg  ai*e  suitable  conditions  for  conducting  the  process,  and 
hence  for  ascertaining  wh(»ther  a  jxirticular  sugar  is  cai)able  of 
luidergoing  the  lactous  fermentation: — A  sohition  of  the  sugar  in 
10  to  15  parts  of  water  is  tre^ated  witli  some  whiting  or  prepared 
chalk,  and  some  old  decayed  cheese  added.  Th(5  mixture  is  maui- 
tained  at  a  temperature;  of  30°  to  35*^  G,  and  stirred  from  time  to 
time.  After  standing  ten  or  twelve  days,  an  equal  measure  of 
lK)iling  water  is  added,  together  with  sufficient  lime  to  render  the 
reaction  distinctly  alkaline  to  litmus.  The  liquid  is  then  boiled 
and  filtered  through  calico.  The  filtrate  is  concentrated  by 
evaporation  till  it  deposits  crystals  of  calcium  lactate  on 
<iooling.  These  are  removed,  i)ressed,  and  decomposed  by  diluti* 
sulphuric  acid,  the  calcium  sulphate  filtered  off,  and  the  tiltraU* 
saturated  with  zinc  carbonate.  On  concentrating  the  resultant 
solution  zinc  lactate  ciin  be  obtained  in  crystids,  which  can 
be  identified  by  their  form  and  other  characters. 

The  behaviour  of  the  various  kinds  of  sugar  w'ith  cheese  and 
chalk  is  descri])ed  in  the  tables  on  i)age  189  et  hpc/. 

ACTION  OF  ALKAT.rRS  OX  SUGASS. 

519.  Cane  sugar  and  the  other  sugars  of  the  fonnida  C^JA^)^^ 
are  not  attacked  by  dilute  caustic  alkalies  in  the  cold,  and  only 
slowly  on  heating,  but  they  are  decomposed  ])y  boiling  with  con- 
centrated alkaline  solutions,-  and  when  fused  with  caustic  potash 
yield  o  x  a  1  a  t  e,  and  acetate  of  potassium  and  other  products. 

520.  Cane  and  milk  sugars  act  as  weak  acids,  and  form  definite 
com|>ounds  witli  the  alkalies  and  other  bases  (see  j>ar.  559). 

521.  Alkalies  decompose  glucoses  much  more  readily  than  sac- 
charoses, though  metallic  derivatives  of  an  unstable  character  are 
in  some  instances  ()])tainable.  Thus  sodium  dc^xtrosate, 
CgHjjNftOg,  is  produced  as  a  bulky  white  precipitate  (m  adding 
sodium  ethylate  to  a  solution  of  dextrose  in  absolute  alcohol  It 
is  extremely  hygroscopic,  agglutinating  on  exposure  to  the  air,  and 
apparently  clecomposing  into  caustic  soda  and  dextrose. 

522.  When  heated  with  a  strong  solution  of  caustic   soda,  the 
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glucoses  form  brown  liquuls.  Baryta  and  lime  act  somewhat 
aimtlarly,  the  rapidity  of  thi;  dianjte  depending  on  the  temperature 
and  concentration  of  the  solution.  If  a  dilute  solution  of  dextruw 
aaturated  with  lime  be  allowed  to  stand  in  the  cold,  the  coloration 
will  not  exceed  a  pide  yellow,  hut  the  alkalinity  of  the  liquid  will 
be  found  to  have  somewhat  diminisbed,  and  the  optical  activity 
will  be  greatly  ^ed^c<^d.  On  saturating  the  liquid  with  carbonic 
acid  and  filtering,  a  solution  is  obtained  wliich  is  optically  inactive, 
but  of  which  the  cupric  oxide  reducing  power  does  not  differ  ranch 
from  that  of  the  original  dextrose.  The  liquid  is  found  to  contab 
the  lime  compound  of  a  substAuce  called  sac  char 
with  another  body  to  be  presently  describud. 

523,  Sacx;hakin,  aa  iaolateil  by  Peligot  from  the  products  of  tbe 
action  of  lime  on  dextrose,  is  a  body  crystallising  in  rhombic 
prisms,  melting  at  160°,  and  volatile  almost  without  decomposition. 
It  is  dextro-rotatory,  the  value  for  Wp  being  +92°8.  Saccharin 
is  not  capable  of  inversion  or  fermentation,  and  doea  not  reduce 
Fehling'a  solution.  It  decomposes  carbonates  when  boiled  with 
them,  forming  sacchari nates,  from  which  the  free  acid  oan^ 
not  ho  obtained,  as  it  splits  up  intu  water  and  saccharin.  Peligot 
considers  saccharin  to  be  isomeric  with  cane  sugar,  but  ScheiWflr 
gives  it  the  fonnula  CgH^O^  and  regiinla  it  aa  the  anliydride  (v( 
saccharinic  acid,  CgIl,jO^  which  forms  a  series  of  very  sol- 
uble salte,  those  of  potassium  and  ammonium  being  crystallisable. 

524.  Cuisinier  has  extended  the  knowledge  of  saccharin,  and 
shown  that  it  is  produced  by  the  action  of  lime  on  hcvitlose  as 
well  as  dextrose.  He  suggests  that  it  should  l>e  called  g  1  a  C  o  - 
saccharin  to  distinguish  it  from  the  isomeric  body  he  has 
obtained  hy  the  action  of  lime  on  maltose  (which  has  a  rotatoty 
power  of  +  63"),  and  from  the  meta-saccharin  obtained  hy 
Kiliani  from  miik  sugar  (Sr.=    —48-4). 

526.  Besides  aacchorin,  the  action  of  lime  on  gluccises  results  in 
the  formation  of  an  optically  active,  non-fermen table  body,  neutntl 
to  litmus  and  forming  a  non-saturated  compound  with  lime.  This 
substance  easily  altt.-rs  in  presence  of  alkalies,  giving  rise  to  brown 
matters  with  reduction  of  the  alkalinity  of  the  liquid.  It  is  voiy 
easily  oxidisahle,  its  alkaline  solution  taking  oxygen  from  the  air 
and  readily  reducing  Fehling's  solution.  It  is  to  the  fonnation  of 
this  body  by  the  action  of  alkalies  that  the  reaction  of  i«daciiig 
sugars  with  Fehling's  solution  ia  probably  due,  the  saccharin  simul- 
taueouely  formetl  having  no  nmh  reducing  power.  Thus,  on  adding 
a  glucose  to  Fehling's  solution  the  free  alkali  quickly  decompoacs 
the  sugar  with  formation  of  saucharin,  which  comhinea  with  a  por- 
tion of  the  alkali,  also  producing  the  neutral  body,  which  is  (.lidiaed 
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by  the  cupric  osiiie  with  formation  of  another  acid  which  neutralises 
more  of  t)ie  iitkali.  If  the  tiddition  of  glucose  he  continued  after 
all  the  copper  jircaent  is  reiluceJ,  another  reaction  sets  in,  and  hrown 
products  resiJt.  From  observations  on  the  reduction  of  the  allta- 
Unity  of  the  lime-glucose  eolutioii,  aa  compared  with  its  cupric  oxide 
reducing  power,  Cuisinier  believes  tlie  giucoaes  to  be  eompountbt  of 
saccharin  with  the  neutral  oxidisable  body.  This  he  r^ards  as  a 
polyatoinie  alcohol,  the  glucoxes  1>eing  saecharinic  or  iso- 
sacuharinic  ethers  of  this  body. 

53G.  When  dextroHe  or  lactose  is  heated  with  strong  ai.|ueous 
amvionia  Ui  1 50°  C,  nnder  preBsiiro,  a  nitrogenous  sulwtance  is  pro- 
duced, precipitable  by  alcohol  in  tenaceouB  threads,  which  form  with 
tannin  an  insoluble,  non-putrcscible  compoimd.' 

SEACTIOirS  OF  THE    ST76AKS  AS  BEDUCIHe 
AGENTS. 

527.  Jliuiy  MUgiira,  ijiclmliuy  the  iliflcrent,  speciea  of  glucose, 
possess  considerable  activity  as  reducing  agents,  while  in  the  case  of 
other  kinds,  as  cane  sugar,  the  reducing  power  is  comparatively 
feebly  marked. 

528.  In  hot  alkaline  solution,  the  glucoses  reduce  picric  actd  to 
picraiuie  acid,  indigotin  to  white  indigo,  and  change  ferriuyanidee 
to  ferrocynnidtis.^  Bismuth,  mercury,  stiver,  platinum,  and  gold  are 
reduced  to  metal,  and  ferric  and  cupric  salts  to  ferrous  and  cuprous 
compoimds  respectively. 

The  reducing  properties  of  sugars  are  best  manifested  and 
measured  by  their  reaction  on  alkaline  solutions  of  cupric  and  mer- 
curic salts,  and  ht-ucr  tbi-  |in^(i'sscfi  in  which  these  are  employed  are 
the  oidy  ogl-h  of  lln'  kiml  «liiih  require  to  be  described  in  detail. 

529.  Reactiou  of  Sugars  with  Cupric  Salts  in 
Alkaline  Solution. 

If  a  solution  of  cupric  sulphate  be  mixed  with  a  sufficient 
quantity  of  a  saccharine  liquid,  no  precipitate  of  hydrated  cupric 
oxide,  Cu(),HjO,  is  produced  on  addition  of  caiistic  potasli  or  sotla. 
The  liquid  acquires  a  deep  blue  colour,  but  remains  perfectly  clear. 
On  raising  the  fluid  to  the  boiling  [icint,  no  visible  change  occurs 

I  C,n„Og+2NHa-C^,oN,Oj+*H,0. 

OlDBW!.  Baif  •lUed  to 

gelUln. 

On  the  other  lumd,  by  the  action  of  dilute  nada,  gelatio  fonna,  miioDg  other 
produt^ts,  gly  cocine  and  sugars  roscmbliug  the  glucose^ 

*  The  laat  reaction  haa  been  made  the  basia  of  a  process  of  determining 
gloL-ose  {Gentile,  Jour.  Chem.  Soc,  xxiii.  226  ;  xxxiv.  21H  ;  ravL  180),  of 
which  O'Sullivuu  speaks  ravonrsblj, 
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if  ths  liquid  ciiiituiiiLil  umie  euf^'ur  onlj',  but,  if  lui;^  BpcirinA  a 
bn  piresent,  ji  yalliiw  pri'cipiljitu  of  hydmtwl  oiprous  uxitle  is  pio- 
diic'il,  whidi  i|iiii-kly  turns  to  anhydroiw  GujO  and  acqiurw  m 
unuige-red  colour.  If  t}ie  ^luuoao  be  present  ia  exi^ess  tho  bio* 
tiolour  of  tlif>  »olution  entirely  di8appea».  Inste.-ul  of  relying  <m 
llie  sncdiarine  inftttpr  for  the  jirevrntion  of  the  precijiitatiou  of  iJif 
hluii  uupric  hydrate  by  tbi^  ftlkali  it  is  far  better  to  employ  butane 
iu:id  or  a  tartrate,  ii§  in  Fflhliiig's  Holution. 

The  reducing  action  uf  i^^rtoiti  varieties  of  sugar  on  alkaline  soltt- 
tioMB  of  copper  has  been  applied  by  different  chemists  in  an  almost 
infinite  variety  of  ways,  the  precipitated  cuprous  oxide  beii^ 
weighed  as  such  by  gpviiml,  hy  otfaera  converted  inbi  metallic  copper 
or  cuprio  oxido,  and  by  others  rediaaolved  and  estimated  volu- 
raetrically.     Some  openitj>rs  maki-  thi'  oritrina!  procesa  a  volumetric 
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The  great  mnjority  of  lln-"!'  iiii"li(ii*d 
bislorical  iiitcnist  mid  itiimhv  Ii't:iiii'ii  •]•' 

r>30.  Fehling's  Copper  Solution. 

The  alkaline  solution  of  I'opper  moat  no 
thtf  determination  of  sugars  is  that  known 

esHentially  a  solution  of  the  double  tartrate  of  copper  and  sodiuin 
f'outainiiig  a  uonsidemUe  (|iiantity  of  caustic  soda.  It  is  liest 
prupanid    in  thi-    following  manner  :—34-64   grammes  weight  of 

'  The  n^itni^ion  uf  ('U|iper  snlntianH  by  jflucoie  a[ip«iirB  first  to  hara  btea 
iitiiueii  as  a  qlulitatiTe  t««t  by  Triimmer.  B&rritiwil  first  employed  til* 
ruction  for  quantitative  pur]>useH,  Prommhert  suftf^ested  the  employmeiit 
of  a  citmtc  to  ke>?p  thd  capric  oxide  in  aolution.  MadificiitiouHaf  the  ordinary 
alkaliae  tartrate  solution  havH  been  deriaed  by  Barresvil,  Poggiale, 
Hoaenthal,  Chi-valicr.  Bousa  i  ugault.  Bereil.  Fehliag, 
StroUl,  MouiiT,  Viollette,  Magnesh  ihens.  Lowcnthal, 
J  oulie,  I'oBsot,  ic.  Loew-e  amployod  glyoeriu  instead  of  a  tartnite. 
VaiionB  trentmenta  of  the  precipiCateil  cujimus  oxide  have  bem  pmpeaed  bj 
tfap  following  Fhemists  ;^M  ohr  disiolres  the  oxide  tn  hydrochloric  acid  and 
tilrntea  vith  {icrmangnnatB,  It  r  n  q  u  a  r  dmolvra  in  an  acid  Eolution  ef  (nrie 
chloride,  and  fBtimatni  the  n-'ilneed  iron  by  bichromate  or  permanganalM. 
Champion  and  Pellet  diatiolTv  the  predpitatD  in  hydrocliloric  acid  and 
clilorste  of  potaaaium,  boil  off  fruii  chlorine,  and  titrate  the  liquid  with 
stannous  chloride.  Girard  and  Soxhiet  ruduco  the  caprous  oxide  in 
hydrogen  and  miigb  the  metallie  copjier.  Muter  dries  the  cuprous  oxide  at 
lOO"  C,  and  welglia  it  ua  Cu,0.  U' Sullivan  and  other  ope  rators  ignite 
tliH  precipitate  strongly  and  neighasCaO.  Ferdinard-.lDan  djsaolvasthe 
cuprous  oxide  in  hydrochloric  BciJ,  and  weighs  the  matallii;  silver  precipitated 
on  adding  ammooiacal  silver  nitrate.  M  a  n  m  a  n  t  uses  nn  axceaa  of  ooppCT 
Bolution,  tilte:^  adds  ammonia  to  the  filtrate,  and  estimates  the  re*idiial 
copper  by  titration  with  andinm  sulphide,  for  which  P  e  r  r  o  t  substitutM 
a  cyanide.  Lastly,  P  a  v  y  oilda  ammonin  to  the  alkaline  cupric  aoln- 
'n  tlie  sugar  solution  till  the  hot  liquid  is  ilnralDriseil. 
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pure  crystallised  sulphate  of  copper  (free  from  iron  imil  moiature) 
is  (lis8olve<l  in  distilled  water,  aitd  the  solution  diluted  to  600  c.c. 
TO  grammes  of  caustic  soda  of  good  quality  (not  less  than  97% 
XaHO)  aiid  1 80  grammes  of  recrystallised  Rochelle  salt  (potassium 
sodium  turtrikte)'  ure  dissolved  iu  about  400  e.e.  of  water  and  the 
solution  dUuted  to  500  ex.  Fehling's  solution  is  prepared  by 
carefully  adding  the  cupric  sulphate  solution  to  an  equal  measure 
of  the  alkaline  tartrate  solution.  It  may  be  kept  ready-mixed, 
hut  should  in  that  case  be  carefully  protected  from  air  and  light, 
as  it  is  apt  to  uudetgo  some  obscure  change  which  renders  it« 
indications  unreliable.  Hence,  before  using  Fchling's  solution  it  is 
desirable  to  adcertain  its  condition,  by  diluting  a  quantity  with  an 
equal  measure  of  water  and  heating  the  liquid  to  boiling  for  a  few 
minutes.  It  ought  to  remain  perfectly  clear.  Old  Fehling's 
solution  may  sometimes  be  rendered  fit  for  use  by  ailding  more 
soda,  but  its  quantitative  indications  should  not  be  relied  on.  It 
is  preferable  to  keep  the  cupric  and  tartrate  solutions  separate,  and 
mix  them  in  equal  measures  at  frequent  intervals. 

531.  For  the  deleetion  of  a  reducing  gitgar  in  clear,  colourless 
solution,  all  that  is  necessary  is  to  neutralise  any  free  acid  and  heat 
the  liquid  to  the  boiling  point  with  twice  its  measure  of  Fehling's 
solution.  If  a  yellow  or  orange-red  turbidity  or  precipitate  of 
cuprous  oxide  be  produced,  a  reducing  sugar,  or  some  suhstance 
giving  a  similar  reaction,  is  present.^  The  glucoses,  maltose,  and  milk 
sugar  reduce  the  copper  solution  with  facility,  but  cane  sugar  gives 
no  reaction  till  after  "inversion"  by  heating  with  acid  (par.  505).' 

533.  If  a  saccharine  liquid  be  much  coloured  it  is  difficult 
or  impossible  properly  to  recognise  the  reaction  with  Fehling't 
solution.  Coloration  of  the  liquid  is  atill  more  objectionable  if  the 
sugar  is  to  be  quantitatively  detemiinctl,  in  particidar  by  the  volu- 

'  Miich  of  the  Rochelle  salt  of  commerce  is  very  impure.  It  is  safest  to 
l^repkre  it  by  disBolviug  commercial  cream  of  tartar  in  hot  water,  adJiug  car- 
bonate of  sodium  till  the  lii^uiJ  ramoing  slightly  alkaline  after  boilinR,  filteriag 
(nnn  the  precipiUIed  calcium  carhonate,  anil  crjsUUiaing  the  Rochelle  salt 
from  the  clear  liquid.  Mflny  cbcmistH  ctnploy  173  grammpB  of  Rochelle  nil, 
ituleed  of  IBO  as  recommeuded  iu  the  teat,  bat  the  additioaol  quantity  renders 
the  eolutiOD  more  permnneut. 

'  The  action  of  [educing  Hugara  on  Fehltng's  uolution  is  not  preciiiely  known, 
but  otDQUg  the  prodavts  are — 1.  Acetic  and  formic  acida.  2.  Certain  non- 
roUtile  acids,  especially  tartronic  ;  an  acid  forming  nncrystallisable  salts  ;  and 
ao  add  decomposed  with  fomiBtiaa  of  humus-like  products  on  beating  its 
alkaline  solution.     3.  A  gum-like  substance. 

*  The  behaviour  of  the  various  species  of  sugar  with  Fehliug'i  solution  is 
described  in  the  tables  on  page  189  it  seq,,  and  that  of  other  organic  bodies  in 
the  •oction  on  "  Cupric  Tartrate." 
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metric  proc««s.  In  mch  caees  the  sugar  solution  miist  )iv  clftrified 
by  one  nf  t)ie  niuthoda  emptoyed  for  the  preparation  of  u  solutJoL 
fur  the  poInriuK'UT  (see  pagp  200),  but  it  muat  be  borne  in  mind 
that  if  leai]  hus  Iwen  employed  it  must  be  eompldely  removeJ 
fruui  the  solution,  or  the  resulte  of  the  Fehling'H  teet  will  br 
worthleaa.  To  preporo  the  clsrifieil  sugar  aolution  tontaining  lead 
for  the  copper  test,  a  quantity  of  it,  judged  t«  contain  from  3  to  !> 
granunes  of  glucose,  is  iiecura.tely  measuiect  and  placed  in  a  100  c.c. 
flask.  A  strong  solution  of  eulphurmis  acid  is  next  added,  Qittil 
the  lead  is  eonipletely  precipitated,  when  a  little  washed  aluminn 
is  added,  the  fluid  diluted  to  the  mark  with  water,  agitated,  anil 
filtered.  The  clear  filtrate  ia  then  ready  for  addition  to  the  coprie 
solution  as  described  below. 

533.  The  in«ei'*ion  of  eane  eugar  to  render  it  determinable  hf 
copper  Holutiou  may  be  affected  as  deacribed  in  par.  477,  fatkin^ 
care  that  the  liqitid  ie  firet  clarified  if  neceasary,  and  then  freed 
from  lead  as  descriWi  above.  By  operating  in  this  manner  a  very 
satisfactory  solution  is  obtained,  and  excessive  colour  ia  nvoided. 
The  acid  liquid  must  he  rendered  neutral  by  carbonate  of  sodium 
before  adding  it  to  the  Tehling's  solution, 

534.  Fehling's  solution  baa  been  very  widely  used  for  &» 
detf^-mination  lif  ndiuHiuj  mufars,  and  has  been  employed  in  various 
waya.  Broadly  speaking,  it  may  be  used  volumetrically  or  gnvi- 
metrically.  Both  methods  are  cajmble  of  giving  useful  approximate 
results,  but  if  any  high  degree  of  accuracy  be  sought,  it  is  easentisl 
that  certain  conditions  of  manipulation  be  strictly  adhered  to. 

As  a  good  approximate  estimation  of  the  amount  of  reducing 
sugar  present  in  a  liquid  is  often  all  that  ia  requisite,  it  will  hr 
convenient  to  give  methods  by  which  such  results  can  be  readjly 
obtained,  and  subsequently  to  describe  the  conditions  which  i 
be  observed  if  a  higher  degree  of  accuracy  be  desired, 

536.    VoLUMBTRIC     DktBRMINATIOH     OF    RkDUCINO      SdOABS 

Fhhlino's  Solution. 

The  saccharine  solution,  prejmred  as  already  described,  and  contain- 
ing from  0"5  to  I'OgTHninie  of  sugar  per  100  c.c.,ia  placed  in  a  burette. 
Exactly  10  c.c.  of  the  Fehling's  solution  are  measured  into  a  wide 
teat-tube  or  small  flask  supported  vertically  by  a  clip.  30  ci 
water  are  added,  and  a  few  fragments  of  tobacco-pipe  stem  dropped 
in  to  prevent  bumping.  The  liquid  is  heated  to  boiling  by  applying 
a  small  flame,  and  the  sugar  solution  run  in,  2  c.c.  at  a,  time,  boil- 
ing between  each  addition.  When  the  blue  colour  of  the  liquid 
has  nearly  disappeared,  the  sugar  solution  should  be  added  m< 
cautiously,  but  it  is  dcairable  to  effect  the  titration  aa  rapidly 
possible.  The  end  of  the  reaction  ia  reached  when,  on  removing 
the  flame  and  allowing  the  cuprous  oxide  to  settle,  the  supernatant 
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fluid  appears  uolouriess,  or  fsiotly  ycUow,  when  viewed  against  e 
white  surface.  If  any  doubt  1m  felt  aa  to  the  termination  of  the 
reaction,  a  few  drops  of  the  liquid  may  be  filtered  through  a  Bmell 
filter  into  a  mixture  of  acutic  acid  and  dilute  potassium  ferrocyaniile, 
c»ntaiiied  in  a  porcelain  crucilile  or  placed  on  a  white  plate.  If 
tioppor  be  still  present  in  the  lirjuid,  more  or  leas  brown  uoloration 
will  be  observed. 

The  reaultB  obtained  by  using  Fehling's  solntion  volnmetrically 
are  not  generally  ao  accurate  as  those  of  the  gravimetric  method. 
The  operation  should  be  t/meklg  conducted,' 

536.  The  following  are  the  weights  of  the  principal  Idnda  of 
sugar  which,  it  is  generally  assumed,  will  reduce  10  c.c,  of 
Fehling's  solution  prepared  aa  described  in  par,  630.  Soxlilttt's 
figures  are  given  in  ]inr.  .545. 

10  cc.  FehJing  solution—  ■0500  graniina  of  ilextrose,  liBvuloae,  or  invert  sugar. 
10  c.c       ,,  ,,        --Dirs        ,,  i»ue  sugar  (after  in  version). 

10  CO.       „         ■    ,.        --0678        ,,  milk  sugar  (lactose). 

10  CO.       „  ,,        —  ■0807 '      ,,  lualt  augar  (maltose). 

In  all  rases  in  whicli  Febliiig's  solution  is  to  be  used  voliunetri- 
cally,  its  true  o.tidiaing  power  under  the  conditions  of  the  experi- 
ment should  bo  ascertained  by  actual  trial,  '0475  gramme  of  dry 
cane  sugar,  after  being  inverted  tta  described  in  par.  477,  and  the 
solution  nentralieed,  should  exactly  clecolorise  10  c.c.  of  Fehling's 
solution. 

637.  (Jravimktiiic  Determisation  of  Reuuciso  SiruAKa  nv 
Fkhling'h  Solution-. 

25  to  30  c.c  of  Feliling's  solution,  pre[)ared  as  described  in  jiar. 
.530,  should  be  placed  in  a  beaker  of  about  5  or  6  ounces'  capacity, 
and  ililuted  with  60  c.c.  of  boiling  well-boiled  water.  The  beaker 
is  placed  in  a  larger  one  in  which  water  is  kept  constantly  boiling. 
At  the  end  of  six  or  seven  minutes  (the  liquid  being  still  perfectly 
dear)  a  known  weight  or  measure  of  the  glucose-holding  liqtiid, 
previously  clarified,  inverted,  and  neutralised  if  necessaiy  (see  par 
533),  is  added  to  the  hot  Fehling's  solution,  and  the  water  kept 
boUing  in  the  outer  he'aker  for  twelve  or  fourteen  minutes.  If  the 
"blue  colour  of  the  solution  be  completely  destroyed  within  the 
first  few  minutes  it  can  be  restored  by  ipiickly  adding  more  of 
the  Folding's  solution,  but  it  is  much  safer  to  conmience  the  assay 

'  In  presence  of  rancli  albuniinnua  or  other  impurity  in  the  sugar  solution, 
tlie  cuprous  oxiUo  refuses  to  scttlo,  and  rptnsina  sHajwndeil  in  a  fine  »l«t«  of 
diTiaioQ,  rendering  the  sthole  liquid  muddy.  Effident  prerioas  cUriGcation 
will  always  prevent  this  inconvenisnce  aud  render  □linecessary  the  liltratiou 
"  a  few  drops  of  the  turbid  liquid,  with  subsequent  testing  for  copper,  by 

Inlating  and  adding  sulphuretted  hydrogen  or  [lotassiuni  ferrocyanide. 
2  See  par.  SI  2. 
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^^H          tgainj  using   a  smaller  amount  of  the  saccharine  liquid.     After 

^^H           npidly  filtered,  wtislied  with  boiling  well-boiled  water,  dried,  ami 
^^M           ignited  in  porcelain.      Strong  ignition  for  five  or  sis  minutes  in  nu 
^^M            open  cruuilile  ensures  the  convcrgion  of  the  red  precipitate  into  th« 
^^M            black  cupric  oxide  (CiiO),  and  treatment  with  nitric  acid  ia  hento 
^^M            mroly  necessary.    The  uxide  of  copper  must  be  cooled  under  a  dessica- 
^H            tor  and  weighed  oa  rapidly  as  possible,  as  it  is  extremely  hygroscopic 
^^E                Although  the  above  method  ie  very  satisfactory,  some  chemi«t« 
^^K            prefer    to   weigh   the    cuprous  oxide    direct,  or  to  rcdissolve  th« 
^^K            precipitate,  either  before  or  after  ignition,  and  deposit  the  metallii: 
^^M            copper  on  the  inside  of  a  platinum  crucible  by  eleclrolysts.                  J 

^m            by  O'Sullivan  {Jour.  Chem.  Soc.,  xxx.  131)  for  the  estimation  of 
^H             maltose  in  beer-worts,  &e.     The  determination  of  milk  sugar  by 
^H             Fehling's  solution  requires  certain  modifications  to  insure  accuracy, 
^H            and  ia  beat  effected  aa  described  in  par.  656.                                           J 
^^M                 538.  The  following  factors  may  be  employed  for  calculating  thw  M 
^^M            weight  of  copper  or  oxide  of  copper  obtained  to  the  corresponding"  ■ 
^H            quantities  of  the  principal  kinds  of  sugar.     {See  also  par.  545).         1 

DllKOM, 

CueSnnr, 

UDkSixu, 
CuH„Ou- 

•^X: 

Oa 

a?:    : 

■sest 

■5043 

•63B5 
•*790 
■130S 

7707 
■SS43 
•eiGS 

'90S9 
'8132 

Thus,  if  a  solution  of  O'l  gramme  of  a  sample  of  cane  sugar  has 
wen  inverted  and  precipitated  as  above  described,  and  the  resultant 
JuO  weighs   0"198    gramme,    then  the    total    quantity   of   sugar 
expressed  aa  cane  sugar)  is— 

0-1 98  X  -4308  =  ■085298  =  85 -3  per  cent. 

539.  Titration  by  Pavy's  Ammoniacal  pupmo  Solution. 

This  modification  of  the  ordinary  mode  of  using  Fehling'a  solu- 
tion for  the  estimation  of  reducing  sugars  is  baaed  on  the  fact  that 

lot  precipitated,  but  forma  a  coloiirlegu  solution,  so  that  the  end  of 
the  reaction  is  indicated  by  the  decolorisation  of  the  blue  liquid. 
Ab  the  ammoniacal  cuproiis  solution  is  extremely  oxidisable,  the 
blue  colour  being  restored  by  oxidation,  it  is  necessary  to  avoid 
access  of  air.     This  ia  best  done  by  attachiug  the  nose  of  the  Mohr'a 
burette  containing  the  sugar  solution  to  a  tube  passing  tlirough  the 
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india-rubber  stopper  of  a  flask  coutaiiiing  the  copper  eolntiuii.  A 
second  tube  conTcys  the  steam  aiid  animoniacal  gas  into  a  Uask  of 
cold  water  It  ie  desirable  to  allow  the  end  of  the  tube  to  dip  intu 
a  little  mercury  placed  nt  thn  bottom  of  the  water,  so  as  to  prevent 
any  tendency  to  "  suck  biick."  A  still  better  arrangement  is  to  pn»' 
(by  a  third  tube)  a  slow  current  of  hydrogen  or  coal-gas  through 
the  flaak  containing  the  boiling  copjier  solution. 

To  prepare  the  ammoniacal  solution,  120  c.c,  of  the  onlinary 
Fehling's  solution  (see  par.  530)  should  be  mixed  with  300  cc.  of 
strong  ammonia  (sp.  gr.  "880),  and  with  400  cc.  of  cnnstic  soda 
solution  of  ri4  sp.  gr.  (  =  13  per  cent).  The  mixtore  is  then 
made  up  to  1  litre.  100  cc.  measure  of  tliis  solution  has  the 
same  oxidising  power  on  glucose  as  10  cc.  of  the  ordinary  Fehling's 
solution,  that  is,  it  corresponds  to  -060  gramme. 

In  carrying  out  the  process,  100  cc.  of  the  above  solution  are 
placed  in  the  flaak,  a  few  fragments  of  pumice  or  tobacco-pipe  added, 
the  tubes  and  burette  acjjustcd,  and  the  liijuid  brought  to  ebullition. 
The  sugar  solution  is  then  gradually  rim  in  from  the  burette,  the 
boiling  being  continued  regularly.  The  process  is  at  an  end  when 
the  blue  colour  of  the  liquid  is  wholly  destroyed.  The  end-reaction 
is  veiy  sharply  marked,  but  the  reduction  occurs  more  slowly  than 
with  the  ordinary  Fehling's  solution.  The  process  la  often  a  very 
useful  one,  especially  for  the  rapid  assay  of  impure  saccharine  liquids 
such  as  beer-worta, 

Pavy's  solution  is  said  to  possess  a  ilifferent  oxidising  power  on 
maltose  (see  par.  536)  and  lactose  from  that  exerted  by  Fehling's 
test  Its  reaction  on  invert  sugar  is,  under  the  above-described 
conditions,  only  five-sixths  of  that  exerted  by  Fehling's  solution. 
Hence  1 20  cc.  of  the  latter  are  employed  in  making  the  ammonia- 
cal solution,  instead  of  100,  as  would  be  the  caa<^  if  they  were 
strictly  equivalent 

O.  Uehner  has  shown  {Anatyrt,  vi.  218)  that  the  presence  of  a 
varying  proportion  of  salts,  such  as  alkaline  tartrates  and  carbonates, 
gravely  otfocts  the  accuracy  of  the  indications  oTitained  by  Pavy's 

540. 'Reaction  of  Sugars  with  Solutions  of  Mer- 
cury. 

Several  methods  havf  bcoii  described  of  dt'termining  glucoses  by 
their  reducing  action  on  mercuric  solutions,  an  alkaline  solution  of 
potassio-mercuric  cyanide  being  recommended  by  Enapp;  an  alkaline 
solution  of  potassium  mercuric  iodide  by  Sachsse ;  and  a  solution  of 
mercuric  acetate  by  Hager.  The  first  two  of  these  reagents  have 
valuable  qualities. 

641,  Kkapp's  MBRCimiC  Solution  is  strongly  recommended  by 

■ i 
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Mullcr  nnd  li^er  for  dctermitiing  the  glucose  in  diabrtif  tirtw^ 
procoas  l>eiag  cmducted  in  thp  following  maimer: — 

A  standard 'solutiun  is  pre[iai>cd  by  dissolrin}!;  10  grammM  of 
inire  dry  mon^uric  cjanide  in  water,  adding  100  c.c  of  (auatic  «oi!b 
solution  of  IHS  Bp.  gr.,  and  diluting  the  liquid  to  1000  cc. 
10  C(i.  of  this  liquid  are  reduced  by  0*025  gmnmoe  of  diabetic 
Migar  (dextrow).  10  c.c.  of  the  standard  solution  ai«  diluted  with 
30  to  30  cc.  of  wat^r,  aud  thp  liquid  heat«>d  to  the  |)oint  of  hail- 
ing. The  urine,  previously  diluted  with  wat«r  to  five  or  ten  tunes 
its  volume,  is  then  run  in  from  a  burette  till  the  whole  of  the  Wet- 
uoiy  \»  precipitated.  Wien  the  precipitste  has  settled,  a  drop  of 
the  HUi)ematant  liquid,  which  has  a  more  or  less  yellow  colour,  ii 
transferred  hy  a  glass  tube  to  a  piece  of  thin,  pure  lehitf,  Swedish 
tUter  paper.  The  paper  is  held  over  a  hotde  containing  fuming 
hydrochloric  acid,  and  then  over  a  vessel  containing  strong  soludai 
of  sulphuretted  hydrogen.  The  slightest  trace  of  mercury  is  shown 
hy  the  production  of  a  Iight-ltrown  or  yellow  stain.  It  is  deaiiable 
to  compare  a  drop  of  the  originnl  liqiud  side  by  side  which  has  hem 
suhjected  to  the  treatment  with  tlie  acid  gases.  By  thus  working, 
the  slightest  trace  of  meicury  remaining  in  the  liquid  may  be 
detected.  Of  course  it  is  desirable  to  repeat  the  titration.  Knai^'s 
solution  undergoes  no  change  oti  keeping. 

For  the  analysis  of  onlinory  glucoee  solutions,  40  cc  of  Knapp^B 
reagent  should  be  diluted  to  100  cc.  and  the  sugar  solution  (not 
stronger  tlun  J  per  cent.)  run  in  ox  ipiiekly  a*  potsiblf. 

An  alkaline  solution  of  mercuric  cyanide  has  been  employed  by 
H.  W.  Wiley  for  oxidising  and  destroying  dextrose  and  moltoee 
while  leaving  dextrin  unchanged  (see  par.  701). 

542.  Sachssb's  Mkrcuric  Soldtiok  is  prepared  by  dissolving  18' 
grammes  of  pure  dry  mercuric  iodide  in  a  solution  of  25  gramtues 
of  potassium  iodide.  To  this  u  solutiun  of  80  grammes  of  caustic 
potash  is  added,  and  the  solution  diluted  to  1  litre.  40  c.c.  ottius 
solution  ar«  Ixiiled  in  a  ba^,  and  n  standurd  solution  of  the  BUgftr 
gradually  added.  The  end  of  the  reaction  is  attained  when  a  drop 
of  the  supernatant  liquid  ceases  to  give  a  brown  colour  with  a  drop 
of  a  very  alkaline  solution  of  stannous  chloride  The  end  of  the 
reaction  is  well  defined,  and  the  results  are  accurate  when  pure 
dextrose  or  inverted  sugar  ia  worked  with,  though  differing  with 
each.'  In  presence  of  cane  si^r  the  results  are  quite  erroneons. 
By  reducing  the  proportion  of  caustic  potash  from  80  giamiuea  to 
1 0  grammes  per  litre,  Heinrieh  finds  that  glucose  may  be  accurate^ 
determined  in  presence  of  very  var3Tng  amounts  of  cane  sugar. 

'  40  c.c.  of  Siicli5se'i>  holutioD  is  reilaced  by  0*1343  gmnnie  of  dextrose,  or 
0-1072  of  iurcrlBugsr. 
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613.  The  solutions  of  Knup])  nnd  Sttchsae  taiuiot  uilvautagcously 
teplaca  that  of  Fehling  for  onlinary  purposes,  but  occaaioually  the; 
an  capable  of  being  applied  with  great  advantagi!.     Thia  is  owin^ 
to  the  fact  that  they  are  unequally  afifected  by  the  different  kind 

easential  differences  in  this  respeet.     Tlie  subject  has  been  recently 

Jour.  Chem.  Soe..,  xxxviii.  758),  who  gives  the  following  table 
The  numbers  must  not  be  interpreted  too  rigidly,  but  regarded  at 
raughlf  comparative  rather  than  absolute  detiTniinations  of  reduo 
isg  power. 

y.h.i»B. 

K„.,„..                  ...-C. 

1 

DextnMe, 

Invert  iDgir,    .        . 

LbvuIow, 
HiUc  luaar,       . 

100 

98 -a 

92 '4 
70-3 
93-2 
96-2 

100 

B9-0  (100  1) 
102'2  (100  J; 

84-9 

88-0 

eo-0 

100 
124-6 
lt6-« 
70-9 

74-8 
85-5 

BS-0 

InTSTted-milk  sugar, 

Some  of  Soxldct's  resulta  ak  not  uccepted  aa  aoiurate  (see  par,                   ' 
545),  and  further  investigation  of    the  subject  is  much  wanted. 
His  observations  are  veiy  suggestive  of  possible  means  of  differen- 
tiating various  ^Uf-ars. 

644.  Influence  of  Variable  Conditions   on  the 
Reducing  Power  of  Sugar  Solutions.— in  ali  i-xpeii- 

ments  un  the  redui;ing  powtr  of  sugar  un  iiietiiliii.'  solutions,  it  is 
important  to  operate  as  far  as  possible  under  constant  conditions. 
Apparently  iinimportant  variations,  as  time  occupied  in  the  experi- 
ment, amount  of  free  alkali,  presence   of  excess  of  the  metallic 
solution,  concentration  of  the  liquid,  and  other  conditions  liable  to 
change  with  every  experiment,  are   all  factors  more  or  less  con- 
ceined  in  the  results  obtained,  and  rigidly  accurate  results  thus 
become  impossible  in  many  cases  likely  to  occur  in  the  piHcticol 
analysis  of  saccharine  liquids.     The  variations  due  to  some  of  the 
above  causes  have  Iwen  studieil  by  Soxhlet  {Jour.  Prae.  Chmi., 
[2]  xxi.   227-317),  a  very  full  abstract  of  whose  original  paper 
has    been    r»ublislied    in  English   by  C.  H.  Hutcliiiiaon  {Pharm. 
Jour.,  [3]  xi.  721).     Soxhlet  finds  that  the  reducing    power  of 
sugar  for  alkaline  copper  solutions  is  only  constant  under  exactly 
the  same  conditions,  and  that  if  the  same  amount  of  sugar  act  in 
one  case  on  an  amount  of  copper  solution  which  it  is  just  able  to 
reduce,  and    in   another  on  an  excessive  quantity,  the  reducing 
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wjuivaleiit  will  ill  the  liret  case  he  found  to  be  coiiHiden'blf'H 
than  in  the  seuoud.  Evidently,  therefore,  if  a  flolntion  of  iUgar  be 
added  by  Bmall  qiiantitipa  at  n  time  to  a  copper  solution,  as  in  in 
ordinary  volumehic  estimation,  the  amount  of  reduction  effeclal 
by  the  first  qiiantitiea  added  will  be  greater  than  that  produced  by 
the  liiat.  To  avoid  the  error  due  t.>  this  cause  Soxhlet  emplojrs 
the  sugar  and  copper  solutions  in  the  oiact  proportions  necesBaif 
for  their  mutual  reaction,  ascertaining  the  volumes  requiMte  hj  > 
series  of  approximating  experiments.^ 

645.  The  following  results  were  obtained  by  Soxhlet  by  operat- 
ing in  the  manner  described.  The  sugar  solutions  contained  1 
gramme  of  the  solid  in  100  c.c.  The  figures  represent  the  wdglil 
of  the  sugars  in  grammes  required  for  the  reduction  of  lOO  cc.  of 
Febling's  solution,  used  iindiluted  or  mixed  with  one,  two,  three, 
or  four  measures  of  water. 
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Dflltrose                1 
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Invert  sugar 
Licvutou             1 
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Q 
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2 
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■4940 
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■676 
■611 
■77B 
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■saw 
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■531 
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It  will  be  seen  fiwin  Suxhlet's  results  tlint  dilution  of  the  Fehling's 
solution  very  sensibly  affects   tlie  reducing  power  exerted  by  Uie 

'  TheaB  were  made  by  adding  to  n  carefully  measured  quantity  of  FGUing'i 
aolotiou  (propared  freah  daily},  at  the  boiling  jraint,  a  certain  amount  of  •  ana 
per  cent,  or  one-half  per  cent,  solution  of  the  sagm.  The  reaction  was  aflomd 
to  continue  for  a  apotified  time,  when  the  liquid  was  passed  through  a  plait«d 
lilter,  and  a.  portion  of  the  filtrate  acidulated  with  acetic  acid,  and  t««t«d  with 
potaaaium  ferrocyanide.  If  a  reddish -brown  coloration  or  precijiilAto  ittmltwl, 
the  DXperiment  was  repeated,  a  somewhat  larger  quantity  of  sugar  solution 
being  employed,  and  so  on  until  a  meusuro  or  sugar  solution  was  fomid  Qiat 
would  exactly  suffice  for  the  decomposition  of  the  copper  aolution,  while  if 
O'l  c.c.  less  of  sugar  solution  were  employed  a  sensible  quantity  of  copper  irai 
fonnd  in  the  filtrate.  Hence  the  voluine  of  sugar  solntiou  required  waa  taett- 
tained  to  within  O'l  c.c. 
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sugar.  ThuB  one  equivalent  of  invert  sugar  in  1  per  cent, 
solution  reduces  10"1  equivalents  of  CuO  when  the  undiluted  cupric 
solution  is  employed,  but  9'T  equivalents  only  when  Fehling's  solu- 
tion la  diluted  with  four  measures  of  water.  It  will  also  be  obaerved 
that  Soxhlet's  results  show  a  slight  but  very  sensible  difference 
between  the  reducing  jwwer  of  dextrose  and  of  invert  sugar,  and 
this  difference  becomes  more  marked  when  the  reducing  power  of 
Isvuloae  is  calculated  therefrom.'  This  difference,  if  a  real  one, 
ia  of  an  exceedingly  important  nature,  as  it  is  calculated  to  vitiate 
vety  many  of  the  analyses  of  saccharine  matters  on  record.  It  is 
therefore  greatly  to  bo  regretted  that  Soxhlet's  conclusions  are  very 
seriously  diminished  in  value  by  the  questionable  method  adopted 
by  him  for  effectiug  inversion.* 

The  same  objection  applies  to  Soxhlet's  experiments  ou  the  re- 
ducing power  of  invert  sugar  on  the  mercurial  solutions  of  Knajip 
and  Sachsse  (see  ]jar.  540).  In  these  cases,  also,  he  found  that 
the  rediicing  equivalent  was  notably  influenced  by  the  concentra- 
tiou  of  the  solution  and  the  proportion  of  alkali  present,  and  that 
any  other  variation  in  the  conditions  of  working  was  likewise  liable 
to  influence  the  results. 

546  EECOGNITION  OF  THE  PRINCIPAL  KDJBS 
or  SUGAE. 

When  a  sugar  has  been  isolated  in  a  condition  of  tolerable  purity, 
it  may  be  recognised  by  the  special  characters  described  in  the 
tobies  on  page  189  ef  »eq.,  with  the  aid  of  the  additional  details  of 
manipulation  given  in  the  subsequent  sections. 

547.  The  detection  or  identification  of  a  sugar  by  its  reactions 
is  greatly  simplified  by  appljing  the  tests  in  a  systematic  manner, 
and  the  following  method  of  examination  may  be  of  service  for 
distinguishing  qualitatively  between  the  more  common  species  of 
<"igar.  For  reasons  of  practical  convenience  the  reactions  of  dex- 
trin arc  also  given. 

>  Accanling  to  Allihn  the  reducing  powers  of  liBvnlone  and  dextrose  atv 
identical,  if  the  heating  with  Pehling'a  solution  bo  continued  tor  half  an  hour. 

*  This  was  daue  by  dissolving  S '5  grammes  of  purified  cane  sugar  in  700  c.c. 
of  water,  addinjj  100  e.c.  ofone-liftb  normal  hydrochloric  acid,  and  heating  on 
the  wnter-bnth  for  thirty  minutes.  Tlio  solution  was  then  exactly  neutraltieil 
by  caustic  soda,  and  diluted  with  water  to  lOOO  c.c.  Soxhkt  found  that  'B 
gramme  (  —  '175  ofcaiie  sugar]  of  inverted  su^iarBo  obtained  reduced  lot's  c.c. 
of  undiluted  Fehling's  solution,  while  with  more  prolonged  heating  with  the 
aame  aniount  of  acid  the  product  reduced  lOO'S  c.c  of  copper  solntiou,  and 
this  was  further  reduced  to  100'2  when  300  c.c  measure  of  the  standard  acid 
waa  employed,  and  the  heating  continued  for  ninety  niioutei). 
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546.  From  an  iusppctioii  of  the  tikble,  it  apjienrs  lliat  all  the 
substances  referred  to  therein  are  optically  active.  Hence  it  is 
not  possililti  to  have  an  inactive  solution  containing  a  notable 
quantity  of  one  of  the  above  sugars.  If  lievnlose  were  present 
together  with  a  certain  proportion  of  one  of  the  other  sugars, 
the  solution  might  exhibit  no  rotation  at  lirst,  but  would  do  so 
on  heating,  owing  to  the  reduced  optical  activity  of  lievuloBe  in 
hot  liquids. 

Lfemilme  alwaj'B  occurs  in  practice  in  presence  of  more  or  less 
dextrose,  and  in  such  cases  is  beat  iletected  by  the  change  in  the 
optical  activity  of  the  solution  ou  heating.  Otlier  distinctions 
between  lievulose  and  dextrose  will  be  found  in  par.  670. 

The  presence  nf  n  gliieoee  of  some  sort  is  indicated  by  the  be- 
haviour of  tbe  sugar  with  tests  3  and  8. 

Miik  Siujar  is  only  met  with  in  products  derived  from  milk.  It 
is  peculiar  in  hnving  its  optical  activity  and  cupric  oside  reducing 
power  increased  by  treatment  with  dilute  acid,  and  in  yielding 
tnncic  acid  on  oudation  with  nitric  acid.  Physically  it  is  distin- 
guished from  other  sugars  by  its  crystalline  form  and  sparing  solu- 
bility in  cold  water. 

Cane  Sugar  is  well  characterised  by  its  behaviour  with  teste  1, 
3,  4.  5,  6,  and  7. 

Uallose  wiien  unmixed  with  dextrose  is  distinguished  from  the 
latter  by  reactions  2  and  6,  but  if  dflxtrosu  be  also  present  only 
a  quantitative  application  of  teste  3,  4,  6,  and  7  will  suffice  for  the 
detection  of  maltose. 

Dtsririn,  which  often  occurs  together  with  maltose,  may  be 
detected  in  mixtures  of  the  two  by  gradually  adding  a  large  excosa 
of  strong  alcohol,  when  it  is  precipitated  in  Hocks  which  often  ad- 
here to  the  sides  of  the  beaker  as  a  gummy  mass.  Dextrin  is 
said  to  be  unaffected  in  its  optical  activity  by  boiling  with  a  con- 
centrated alkaline  solution  of  mercuric  cyanide,  by  which  treatment 
maltose  and  dextrose  are  oxidised  and  destroyed. 

549.  The  value  of  the  testa  depending  on  the  reduction  of 
alkaline  cupric  solutions  and  observations  of  optical  activity  is 
greatly  diminisheil  when  the  experiments  are  merely  of  a  qualita- 
tive nature,  whereas  an  intelligent  interpretation  of  the  quantitative 
indications  of  these  tests  will  allow  of  the  hotter  known  sugars 
being  not  only  detected  but  actually  determined  in  presence  of 
dextrin  and  of  each  other. 

550.  Fob  the  Dbtkrhination  of  Spoabs  in  JDMiXTimE,  the 
cupric  oxide  reducing  power  (K)  and  apecilic  rotatory  power  (S) 
should  he  lietermined  under  the  following  circumstances : — 

a.  In  the  original  eolation  of  known  conoentntion. 


i 
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b.  In  ttie  solution  after  treatment  nitb  itwertin,  aa  ilescribed  m 
par.  563. 

c.  In  the  solution  after  heating  tor  mmo  hours  with  dilute  sul- 
phuric acid,  in  the  manner  descrilied  in  par.  508. 

551.  The  foUuwing  table  ehowa  the  relative  eupric  oxide  reiluc- 
ing  power  (K)  ((ietemiincd  gravimetrically  aa  in  par.  537)  of  U» 
principal  sugars,  that  of  dextrose  being  taken  as  100;  and  the 
specific  rotatory  power  (S)  of  the  solutions  of  the  ori^aJ  sub- 
stances, and  of  the  inverted  solutions  thereof,  corrected  for  incrosw 
in  volume.  The  valuea  given  are  in  all  cases  calculated  for  tie 
aahijdroiM  substance,  and  the  volume  of  the  solution  is  assoBlMl 
to  remain  unchanged,  any  dilution  lieing  duly  allowed  for.  The 
characters  attributed  to  gallisin  are  also  given  in  the  table: — 
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It  must  be  Iwrne  in  mind  that  the  figures  representing  the  cuprie 
oxide  reducing  powers  after  treatment  with  iuvertin  or  dilute  aoid 
are  not  the  values  of  K  for  the  original  weights  of  siilistance,  but 
for  the  productn  <jf  the  tnvenriun.  Thus,  on  heating  with  diluU 
acid,  9  parts  of  dextrin  yield  1 0  of  dextrose,  and  hence  the  value 

of  K  after  the  treatment  is  not  100,  but  100  X—.      Simtlady, 


when  milk  m. 
resultant  glut 


maltose,  or  cane  sugar  imdetgoes  hydrolysis  the 
are  —  =  105-37  jtet  cent  of  the  weight  of  the 


original  sugar,  and  hence  the  reducing  powers  and  optical  activity 
of  the  solutions  are  correspondingly  increased.  In  the  latter  cUe, 
the  figures  in  the  table  represent  the  rotation  produced  by  thepro- 
diit-fy  of  the  hydrolysis,  and  not  the  actual  value  of  Sd  for  tfaOM 
products. 

552.  lu  determining  the  values  of  K  and  Sd  it  is  necessaij  to 
know  the  amount  of  sugar  employed  in  the  oiieration,     Thi  ,ja 
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iKtst  ascertained  by  evaporating  to  dryness  a  known  measure  of  the 
solution  employed  for  the  determinations,  hut  in  some  respects 
Uiere  is  an  advantage  in  calculatiug  the  strength  of  the  solution 
from  the  density.  The  uoncentnitiun  of  aolutions  of  pure  cane 
auf^ar  cau  he  accurately  ascertained  by  dividing  the  excess  of  density 
over  that  of  water  hy  3-86,  as  described  in  par.  487,  but  this 
di\'isor  IB  not  atrictly  accurate  for  solutiona  of  other  carbohydrates. 
In  practice,  it  is  sometimes  very  conveuieat  to  follow  the  practice 
of  Brown  and  Heron  {Jour.  Chem.  Soc,  xxxv.  569  et  aeq.),  and 
assume  all  aolutiona  of  carbohydrates  to  have  the  density  of  cane 
sugar  solutions  of  the  some  strength,  using  appropriately  modified 
figures  to  express  the  values  of  K  and  Up.  As  the  true  density  of 
a  solution  of  ilextrin  containing  10  grammes  of  the  dry  solid  in 
100   c.c.  meoisure  is  1039-4,   the  value  of  So,.„  will  he   198  X 


be  +136°-4. 

553.  Tlie  foUowing  is  a  deaeription  in  outline  of  the  mode  of 
procedure  which  should  be  adopted  in  the  application  of  the  fore- 
going principles  to  the  analysis  of  oue  of  the  most  complicated 
saccharine  mixtures  likely  to  be  met  with  in  practice.  It  assumes 
the  presence  iu  admixture  of  dextrose,  leevulose,  sucrose,  maltose, 
dextrin,  and  gallisiu,  together  with  water  and  miuenil  matter. 
Snch  a  mixture  would  be  represented  by  honey  whicli  had  been 
adulterated  both  with  cane  sugar  and  glucose-syrup. 

a.  The  /ntai  solids  are  estimated  by  evaporating  a  known  measure 
of  the  solution  to  dryness  In  a  flat  dish.  On  deducting  the  mA 
left  on  igniting  the  residue  the  amount  of  the  organic  xolids  will 
be  ascertained.  The  solids  may  also  Iw  deduced  from  the  density 
of  the  solution  by  dividing  the  excess  above  1000  by  3'86. 

6.  The  dejrtrin  may  be  precipitated  by  pouring  the  aqueous  sol- 
ution gradually  into  a  huge  excess  of  rectified  spirit.  After  stand- 
ing till  the  precipitate  is  completely  settled,  the  liquid  is  poured 
off  anil  the  dextrin  estimated  in  the  residue  by  direct  weighing,  or 
deduced  from  the  solution-density  or  optical  activity  of  the  re- 
dissolved  residue, 

f:  The  galliein  may  be  estimated  by  distilling  the  alcoholic 
solution  obtained  in  6,  fermenting  an  aliquot  part  of  the  residual 
liquid,  and  treating  the  filtered  solution  left  after  complete  fermen- 
tation by  Fehling's  solution. 

(/.  The  rotation  due  to  the  mm  of  the  optically  active  bodies 
present  is  ascertained  on  the  clarified  solution  at  15°  C. 

0.  The  ttBvalose  is  estimated  from  the  change  in  the  rotatory  power 
I  of  the  solution  on  heating,  as  described  in  par.  671. 
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/.  The  gurroup  \s  iwlimatwl  from  tlie  change  produced  in  ffie 
rotatory  powLT  of  thi-  solution  hy  treatment  with  invertin  (par.  563). 
ThH  result  ie  contirmed  by  the  change  iu  the  cupric  oxide  redudng 
l>ower  of  the  solution  cai^ed  by  the  action  of  the  invertin. 

g.  The  cupric  oxiile  reducing  ]iower  of  the  original  solution  ii 
determined  gravinietrically  by  Felding's  solution.  From  Uie  vidoe 
fur  K  thus  nbtaiuL'd  that  due  to  iiny  gallisin  found  after  fermenta- 
tion is  deducted,  and  from  the  i«mainder  is  suhtraeted  tlie  ndiK- 
tion  due  to  any  loavulose  presenL  The  difference  ia  the  reducing 
power  due  to  the  dextrose  and  maltose.  The  sum  of  their  weight* 
having  been  ascertained  by  detlucting  the  Itei-ulose,  sucrose>  dextrin, 
gallisin,  and  ash  from  the  total  solids,  the  amounts  of  maUom  aitij 
be  calculated  by  subtracting  thi'  value  of  K  for  the  two  bodies  (roni 
the  sum  of  the  percentages  of  the  two,  and  dividing  the  differenw 
by  0-38.^  The  maltose  thus  found  is  subtrat'teil  from  the  Mua 
when  the  percentage  of  'l&rti-otte  will  be  arrived  at.  Further  in- 
fiirmation  on  the  estimation  of  dextrose  and  maltose  in  adniixlW 
Is  givii  ill  tlip  section  on  "Commercial  Glucose." 

CANE  SUGAB. 

^^54.  Sucrose.  Saccharose,  Saccharon.  CaimoBe. 
Digluooaic  Alcohol. 

F;vv<.7f— ,Snciv  df  CiUiiii'.      Ornnan—Zuckvr. 

Cane  sugar  is  found  ready-formed  in  the  sugarnMne  tind  many 
grasses,  in  the  saji  of  many  forest  trees,  in  the  root  of  the  beat  and 
the  mallow,  and  iii  several  other  plants.  It  ia  also  found  in  many 
seeds,  and  notably  iu  walnuts,  almonds,  liasel  uute,  barley,  Doff«e 
iMians,  &U.  Most  sweet  fruits  contain  sucrose 
sugar,  but  some  contain  only  the  former.*     The  nectar  of  flowets 

'  If  K  be  the  cupric  oxide  reducing  power  due  to  the  tn-o  bodiM,  and  V  thl< 
mm  of  Ulb  iwrcnntBgeB  of  maltosa  (m)  and  dextrose  (rf),  then : — 

K-d+-e2m;  P-m+rf;  P-K-  SSmjand  m-^^^ 
•38 

*  For  the  extractiou  of  lueroar^  frmn  plant-iirodiicla  on  a  small  acale,  liia 
fttie  Bubatauoe  should  be  boiled  with  strong  alcohol,  the  solution  filtetsd  hot, 
and  sJlowed  to  vool,  when  the  CRno  sugar  nill  usually  crystidlise  out, 
cansed  to  do  so  after  oonoentmting  the  soiution.  If  invert  augai 
present,  Peligot  and  Butgnet  recommend  the  following  method  : — Add  to  tlit 
juico  an  equal  mossure  of  alcohol  to  provent  fermentation  by  keeping  filter, 
treat  the  filtrate  with  milk  of  lima  in  excess,  and  agua  filter.  Boil  th«  liquid, 
wheu  cilcium  sncrate  separates  in  amount  corresponding  to  two.thirds  of   ' 
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contains  both,  hut  the  preaenoe  of  any  notable  proportion  of  cane 
sugar  in  honey  is  exceptional. 

555.  Cane  sugar  forms  large  tranaparcnt  colourless  ciystaU, 
having  the  form  of  a  nioooclinic  prisiu,  and  familiar  in  comnierce 
under  the  names  of  "  crystal-sugar "  and  "  sugar-candy."  The 
crystals  have  ii  spocilic  gravity  of  about  1'6,  and  are  unchangeable 
in  the  air. 

Cane  sugar  exercises  a  powerful  rotatory  action  on  a  ray  of  polar- 
ised light ;  the  apparent  rotatory  power  in  10  per  cent,  solutions 
being  -t-66'''o  for  the  D  line,  and  +73'''8  for  the  transition-tint. 
The  optical  properties  of  cane  sugar  are  fully  described  in  the 
section  on  the  "  Relations  of  the  Sugars  to  Polarised  Light "  (see 
par.  455  '7  neq.). 

556.  At  a  temi)ewture  of  about  160°  C.  (320°  F.)  cane  sugar 
melts,  and  on  cooling  forms  a  transparent  amljcr-coloured  solid 
known  lui  barley  sugar.  Tliis  modification  gradually  loses  its 
transparency  from  spontaneous  crystalhsation,  but  the  change  may 
be  retarded,  though  not  altogether  prevente4,  by  the  addition  of  a 
small  proportion  of  vinegar  to  the  melted  sugar.' 

Wlien  heated  a  little  alMJve  160°  C  cane  sugar  is  converted 
without  loss  of  weight  into  a  mixture  of  dextrose  and  I bb v u- 
loean.  CijHjjOn  =  C,HijOg-|-CgHj|,Oj.*  At  a  higher  tempera- 
ture water  Ls  given  off,  the  dextrose  being  probably  converted  into 
glucosau,  C(,H,gOg,  the  next  stage  being  the  formation  of 
caramelan,  CjjH,gO(^  which  is  an  amorphous  highly  deliques- 
cent substance,  colourless  when  pure,  having  a  bitter  taste,  and 
incapable  of  being  reconverted  into  cane  sugar  by  hydrolysis. 
Above  190",  dark  coloured  bodies  are  produced,  some  of  which  aie 
soluble  and  others  insoluble  in  water  or  idcohol.' 

whole  vane  sugar  present.  The  prc':ipitiite  ia  filtered  ott,  washed  well,  difliised 
in  water,  and  decompoaed  by  carbonic  acid.  The  Bolution  is  filtered,  evaporated 
at  a  gentle  heat  to  a  syrupy  consistence,  decoloriaed  by  animal  charcoal,  and 
mixed  with  strong  alcohol  till  it  becomes  cloady,  when  it  is  let  aaide 
to  crystallise.  If  the  soktion,  after  treatment  with  carbonic  acid,  yields  • 
turbid  filtrate,  aolntion  of  basic  leaii  acetate  is  added,  the  liquid  re-filtcred, 
and  the  excess  of  lead  separated  by  sulphuretted  hydrogen. 

'  Barley  sugar  uppears  to  be  a  definite  allotropic  modification  of  cane  sugar 
comparable  to  viscous  sulphur. 

^  On  dissolving  the  product  in  water  aud  fermenting  the  solution  with  yeast 
the  dextrose  is  destroyed,  and  by  evaporating  the  liquid  the  lievulosan 
may  be  obtained  as  an  uncrystallisable  syrop,  which  appears  to  become 
oonvert«d  into  Icvulose  on  boiling  with  water  or  dilute  acids. 

'  These  constitute  the  substance  known  as  caramel,  or  "burnt-sugar," 
which  is  also  obtainable  from  dextrose,  and  is  employed  for  tinting  cognac, 
mm,  vinegar,  Ac,  and  for  other  colouritig   purposes.     The  dark  colour  oF 
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At  u  atilj  Ikigher  tempetnture,  inflaroiuAble  gasiw  ue  evolved, 
ilecompoaition  being  attended  wilh  a  highly  characteristic  smell. 

557.  Cane  sugar  is  soluble  in  about  one-half  of  ite  weight  <rf 
cold  water,  fonnijig  a  verj'  sweet  viscid  liquid  kumvn  as  ijrrnp. 
In  boiling  water  it  is  soluble  in  all  proportions-'  An  aqneoua 
solution  of  sugar  on  being  subjected  to  prolonged  ebullition  aeqniiM 
an  acid  reaction,  usually  becoming  less  viscid  and  losing  irrecovenblf 
its  power  of  crystallisation.  The  liquid  then  contains  invert 
sugar.  When  heated  with  water  under  pressure  to  1 60°  C  so- 
crose  is  decomposed  with  production  of  formic  acid,  carbon 
dioxide,  and  carbon. 

Cane  sugar  is  almost  insoluble  in  absolute  alcohol,  but  disaolvn 
in  rectified  spirit  of  wine  with  moderate  facility,  and  readily  in 
weaker  alcoholic  liquids.  Weak  spirit  dissolves  more  sucrose  thin 
would  be  token  up  by  the  water  of  it  alone,  but  strong  spirit  dis- 
solves less  sugar  than  wouhl  be  dissolved  by  the  water  of  the  sprit 
separately. 

Sucrose  is  insoluble  in  ether,  chloroform,  carbon  disul[^d^ 
petroleum  spirit,  or  oil  of  turpentine,  but  dissolves  in  glynerin  and 
all  aqueous  liquids. 

65S.  The  reaction  of  dilute  acids  on  cano  sugar  results  in  the 
formation  of  the  mixture  of  glucoses  called  invert  sugar  (s« 
par.  672). 

Strong  sulphuric  acid  acts  violently  on  cane  sugar,  charring  it, 
and  causing  abundant  evolution  of  gas  (see  par.  501). 

Nitric  acid  acts  upon  cane  sugar  in  a  manner  dependent  on  iU 
concentration  and  other  conditions.  With  on<>  part  of  sugar  (md 
three  of  nitric  acid  of  1'25  to  I'SO  sp.  gr.,  the  product  fonned 
at  50°  C.  is  wholly  saccharic  acid,  CoHjoOg  (par.  499),  but 
at  a  boiling  heat  oxalic  acid,  CjHjOp  is  the  chief  product.  If 
stronger  nitric  acid  be  employed,  these  bodies  imdei^  further 
oxidation  with  fonnation  of  carbonic  acid.  Cold  funung  nitric 
acid  converts  cane  sugar  into  nitro-sucrose,  which  probably 
contains  C,jH,s(NO,)aOn.    {Eiiiotl,  Jour. Aiiur.  C^h.  Soc.  iv.,  147). 

ttout  is  duK  to  the  presence  of  oratDeloid  bodies  in  the  bamt  malt  (ram 
which  it  is  brewed. 

The  chsngss  nndergoDB  b;  cane  angar  on  heatiog  furnish 
■  ■  cumulative  resolution  "  thus : — 

CuH„0„-H,0-CgH^,+C,H„Op    Ltevulosw.  I 
C.H„0, + C,Hi,0,  -  H,0  -  2C,H„0,,    Gluwwin. 
2C,H,sO.-HaO-C„H„0^     Csramelan. 

'  For  information  teipectiog  the  densitj  of  squeons  soluttons  of  ei 
Mc  par.  m  tl  ttq. 
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Glacial  acetic  acid  forms  with  cane  sugiir  several  acetyl  deriva- 
tives, having  the  conetitutioii  ofsucroaic  acetates. 

"When  cane  sugar  is  rubbed  in  a  mortar  with  caustic  potash  or 
soda  it  undergoes  no  visible  change,  a  property  which  distinguishes 
it  ^rom  the  glucoses.  Similarly,  the  solution  of  cane  sugar  under- 
goes no  immediate  change  when  mixod  with  alkali  and  laised  to 
the  boiling  point.  The  rotatory  power  of  the  alkaline  liquid  is 
temporarily  diminished,  hut  is  restored  to  its  original  amount  on 
neutralising  the  solution  by  an  acid. 

When  fused  with  caustic  potash  sucrose  yields  oxalate  and 
acetate  of  potassium  and  other  products. 

According  to  Wanklyn,  when  boiled  with  a  strongly  alkaline 
solution  of  potassium  jiermanganah'  cane  sugar  is  oxidised  in  a 
very  definite  manner  with  formation  of  oxalic  and  carbonic 
acids,  the  reaction  being — 

C,gH^O„  +  0„  =  4CjH,0^ -I- 7HjO -I- 4C0, . 
Cane  sugar  does  not  immediately  reduce  Fehling's  solntion  at  a 
boiling  temperature,  but  on  prolonged  ebullition  precipitation  of 
cuprous  oxide  gradually  occurs. 

6fi9.    SUCBATES, 

Cane  sugar  possesses  considerable  solvent  powers  for  certain 
metallic  oxides,  with  which  it  forms  definite  compounds.  Thus, 
lime,  magnesia,  and  litharge  dissolve  with  some  facility  in  syrup, 
hut  are  completely  re  precipitated  by  passing  a  current  of  carbonic 
acid  gas  through  the  liquid.  Metallic  lead  is  attacked  by  sugar 
Milutions,  slowly  in  the  cold,  but  more  quickly  at  a  boiling  heat, 
the  lead  passing  into  solution.  Several  sucrates  of  calcium  are 
known.  The  solution  of  calcium  sucrato  has  an  alkaline  and  bitter 
taste,  and  forms  the  Hqtwr  eoleia  stKcharatits  of  pharmacy.  On 
mixing  syrup  with  a  concentrated  solution  of  baryta,  a  crystalline 
precijiitute  is  obtained,  having  the  composition  CggH^jBaOu  = 
BaO,CtjH„Oii,  or  C,^Hai(Bn.OH}Oii.  This  compound  may  be 
re-crystallised  from  boiling  water,  separating  in  brilliant  scales 
resembling  boric  acid.  Its  sparing  solubility  in  cold  water  has 
been  utilised  in  the  treatment  of  saccharine  juices,  pure  cone  sugar 
being  readily  obtainable  by  decomposing  tlie  barium  sucrate  by 
sulphuric  acid.  On  adding  strontium  hydroxide  to  a  boiling  15 
per  cent,  solution  of  sugar,  the  compound  C|jHjn(Sr.  OH)jOjj  begins 
to  separate,  and  when  2  J  molecules  nf  strontla  have  been  added 
almost  the  whole  of  the  sugar  will  be  precipitated.  The  granular 
sucrate  may  be  washed  with  hot  water,  and  docom^HJsed  by  car- 
bonic acid.  This  process  is  now  employed  in  recovering  sngar- 
fiom  molasses. 

lOIr.    I-  Q 
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Cane  mgAi-  ruscrablea  tarUiric  And  citric  anids  in  its  powar  of 

preventing  thn  precipitation  of  ferric  ami  wipric  oxides  by  aUuUiB^ 
aiid  the  rciiction  has  even  bfi«n  employed  quantitatively. 

560.  Witli  sodium  diloride,  cane  sugar  fnrms  a  ciystallisalilB 
compound  of  the  formula  CjjHi[jOi,  +  NiiCl  +  2H,0.  A  aolutiou 
of  this  bmly  haa  a  loss  powi?rful  rotatory  action  on  polarised  light 
than  corrGepondR  to  the  sugar  contamed  in  it,  whilst  the  optical 
power  of  a  solution  of  the  compound  2C,.^H„Oy  +  3NnI  +  3HiO 
iH  directly  proportional  to  that  of  the  contained  sugar. 

By  the  action  of  a  small  quantity  of  yeast  {SoKharomyaea  etrry 
runie)  BUcroHe  in  solution  ia  transformoil  into  invert  sugar.  A 
la>-;er  proportion  of  yeaat  converts  the  sugar  into  alcohol,  caibou 
dioxide,  and  other  products,  the  process  being  that  known  as  Iba 
airuholie  or  innoiu  fermentation.  It  is  more  fully  coosiderod  in 
piir  165  «(  wv/. 

r>6i.  Detection  of  Oane  Sugar. 

Cane  su^ar  is  deteotud  inorp  reailily  by  ite  physical  properties 
tlion  by  its  chemical  reactionti.  The  following  are  the  landing 
characters  of  service  in  the  recognition  of  cane  sugar : — 

a.  The  sweet  taste  of  the  substance  or  solution. 

Ii.  The  ilextro-rotatory  action  of  the  solution  on  jiolnrised  light 
(see  par.  455). 

G.  The  form  of  the  crystals  (see  par.  655). 

d.  The  characteristic  odour  produced  on  heating  the  Holid  sub- 
stance (see  par.  556). 

0.  The  production  uf  saccharic  and  oxalic  acids  by  the  action  uf 
nuMlenttely  concentrated  nitric  acid  (see  par.  496). 

/.  The  formation  of  alcohol  by  the  prolonged  action  of  yeaat  Mi 
th<?  warm  solution  (sen  par,  512). 

;/.  The  increase  in  the  reducing  power  of  the  liquid  on  Fehluig's 
ti'nt  after  invorsion  of  the  sugar  by  treatment  with  diiuti.'  acid 
(l>ar.  533),  and  the  ohftnge  in  the  rotatory  power  of  the  solution 
by  inversion  (see  par.  472). 

k.  Thf  similar  change  in  the  reducing  and  rotating  power  of 
thn  solution  by  tre^atment  witli  invertin  (pfir.  563).  This  reactkHB 
is  very  characteristic. 

For  information  respecting  the  distinctive  testa  for  «Me  sugar, 
milk  migar,  mallomf,  and  gluraum,  see  par,  547. 

The  greater  numberof  the  foregoing  properties  and  reactions  of  uhiw 
riiigar  receive  more  precise  recognition  in  the  following  section  on  the 

562.  Determination  of  Cane  Sugar. 

Cane  sugar  may  be  determined  by  u  variety  of  method^  wbicb 
may  be  conveniently  classified  according  to  the  principles  on  which 
they  arfi  based. 
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II.  Delerminalvti  nf  Sui/ar  /mm  tlie  DetwUy  of  the.  Siilulion. — 
F'>i'  tite  eniploymeut  of  thiB  method  it  ill,  of  courae,  essciitial  thitttlie 
aolvent  RilOuJd  be  water,  and  tliat  HOueihle  '[uaiitities  of  foreign 
uiittterB  shoiild  be  absent;  if  volatile,  like  alcohol,  thuy  may  be 
iohiuvihI  by  distilliitiou.  The  method  is  uouetaiitly  applied  in 
migitr-woiks,  not  so  muiJi  for  ascertaining  the  fuaonnt  of  au^^iir  in 
the  juice  ns  to  ohtniu  uti  estimate  of  the  foreigu  mutters  associated 
with  it ;  the  iictual  sugar  lieing  really  determined  by  other  methods, 
and  a  corresponding  deduction  made  from  the  perceutiige  of 
"apparent  HUgar"  pi'esent.  On  page  484  '■/  m^.  full  directions  are 
(pven  for  dedtiuiug  tlie  proportions  of  uane  eugar  contained  in 
aqaeoiiH  saccharine  solutions  of  various  densities. 

The  percentage  of  sugar  by  weight  having  lieen  ascertained,  the 
number  of  pounds  of  sugar  per  gallon  of  the  syrup  may  be  found 
by  multiplying  the  speciRe  gravity  by  one-tent)i  of  the  percentage 
by  weight,  and  dividing  the  product  by  1000. 

h.  JJfln-miatUion  of  rant  Ktujar  hy  wfvjhing  as  micli. — Thia 
tnethiHl  is  employed  in  Payen's  and  Scheiblet'a  methods  of  Bngar- 
amayiug  (see  par.  579),  and  in  a  few  other  cases. 

c.  The  Dftr:miinatiim  of  eane  nujar  hy  fra-iiientatim  is  fully 
described  in  par.  S 1 3  ei  neij. 

't.  TTif  Detenniiwlion  of  mfrme  by  its  re/iiiAxng  antion  aft«r 
previouB  inversion  to  glucose  is  usually  effected  by  heating  it  with 
hydrochloric  acid  (par.  477),  nentraltsing  with  sodium  carbonatA, 
and  estimating  the  resultant  glucose  by  one  of  the  processes  de- 
acrilNKl  in  the  section  on  the  "Reducing  Action  of  Sugars"  (par.  633). 
For  every  100  paile  of  glucose  thus  found,  96  parts  of  cane  sugar 
must  be  reckonoii. 

".  Thi-  DfterminaHon  of  foif  sugar  hy  observation  of  the  rot*- 
toty  aetion  of  its  solution  on  a  ra,t  of  polaritM  liijht  has  already 
been  fully  described  (par.  461). 

For  the  determination  of  sucrose  in  prcwww  of  ut/ier  kindt  t^ 
nuffar,  metlnKlB  a,  i-,  '/,  and  <■  are  incapable  of  direct  application. 
If  employetl  both  before  and  after  inversion,  methods  ri  and  e 
KfToid  vexy  satisfactory  Jiieans  of  determining  cane  sugar,  provided 
that  no  other  body  is  pn^sent  which  is  apt  to  sufler  altt^ration  in 
itn  reducing  powi.T  or  optical  octiWty  hy  heating  with  dilute  scid. 
This  is  not  always  the  case,  but,  under  auch  conditions,  the  substi- 
tution of  i  n  V  e  r  t  i  n  for  dilute  acid,  as  suggested  by  Kjeldohl, 
renders  it  possible  to  effect  the  solution  of  this  somewhat  difficult 
problem. 

563.  Ihvertin  is  a  soluble  ferment  or  eymaae  existent  in  yeaM. 
It  has  the  property  of  rapidly  and  completely  effectuig  the  tranaforma- 
taop  of  cane  sugar  iiito  invert  sugar,  but  is  without  sensible  ncliaii 
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on  dextrosa,  IraviUoae,  inEiltose,  or  milk  sugar.     Its  behaviour  t 
wards  dextrin  is  not  ao  certainly  negative, 

For  eflecting  the  inversion  of  cane  sugar  by  invertin,  KjeldiU 
{Zfiit8.  Antd.  Chem.,  xxii.  588)  treats  50  c.c  of  the  sugar  solution 
with  a  little  concentrateil  alcoholic  solution  of  thymol,  and  adds  a 
little  yeaat  previously  washed  and  ground  up  with  water.  The 
thymol  completely  prevents  fermentation  without  interfering  wiUi 
the  action  of  the  invertin.  The  mixture  is  allowed  to  remain  fw 
twenty-four  hours  at  a  temperature  of  about  50°  to  52'.  Il 
then  diluted  to  100  ca,  filtered,  and  the  cupric  oxide  reducing 
power  and  optical  activity  estimnted.  From  the  increase  in 
former  nnd  the  change  in  the  latter  the  amount  of  cane  augu 
present  in  the  original  solution  can  be  determined. 

H.  T,  Brown  modifies  the  foregoing  process  by  grinding  well- 
washed  yeast  in  a  mortar  with  a  little  water  and  ether  or  chloio- 
form,  and  adding  a  small  quantity  of  the  product  to  the  sugar 
solution,  previously  saturated  with  ether  or  chloroform.  The  liquid 
is  then  kept  at  a  temperature  of  30°  C.  for  half  an  hour,  when  it  i« 
filtered  and  examined  as  before.  If  chloroform  baa  been  employed 
it  must  be  got  rid  of  by  heating  the  liquid  before  adding  Fehling's 
solution. 

Malt-nxtract  is  also  without  iavertivo  action  on  maltose,  but  can- 
not conveniently  be  substituted  for  invertin  in  the  above  processi 
as  the  action  of  diastase  is  not  sufBciently  powerful. 

664.  Commercial  Sugar. 

The  sugar  of  commerce  ia  principally  obtained  from  the  s  u  g  a  I 
cane'  {Saccharum  officinanim),  but  almost  equally  large  quantitiee 
are  manufactured  on  the  Continent  from  the  white  beet  (Beta 
niaritijiia),  smaller  amounts  being  obtained  from  the  date  palm, 
and  sugar  maple  {Aei-r  aaerharinvv)),  which  last  yields  about 
5  per  cent,  of  il«  weight.  Sugar  cane  contains  from  12  to  30  per 
cent,  of  augnr,  and  the  white  beet  from  7  to  1 1,  and  occasionally, 

'  Tbo  process  of  uianufacturing  sugar  from  tlio  cane  ia  stiortly  as  follows  : — 
The  cane  h  crushed  belwceo  roUeta  Bud  tbe  expressed  juice  allowed  to  flow 
into  a  Inrgo  vessel  in  which  it  is  heated  nearly  to  its  boiljnft  point  Lime  ii 
then  added,  when  a  coagulom  is  fDrmnl  which  consists  cliielly  of  earthy 
phosphates,  h  peculiar  slbuminons  principle,  and  mechanioj 
imparities.  The  clear  liquid  ia  rapidly  evaporated,  and,  n'hen  BuBScientl; 
coiicentrated,  tmnsrerred  to  a  shnllow  vessel  to  cryatsliise.  The  eryatab  it 
drained  from  the  da tk -coloured  syrup  known  ss  molaases  or  treacle 
and  form  the  raw  or  muscovado  sugar  of  commerce.  From  this  inter 
mediate  product,  refined  sugar  is  obtained  by  redissolving  tho  crystal*  it 
hot  water.  daTifying  by  filtration  through  animal  charcoal,  sTaporating  nnde: 
reduced  pressure,  cryataliinng,  Ac.  Loaf-sugar,  irhiU-eryrials,  and  ewjBr 
«aid)i  are  all  pntctically  pure  luerose. 
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14  per  cent.  Sugar  is  also  extensively  manufactured  in  America 
from  sorgo  {Sorghum  8<xccharaiam\  which  contains  from  9  to 
1 4  per  cent  of  cane  sugar  and  from  1  to  4  per  cent,  of  glucose. 

565.  Commercial  sucrose  is  met  with  in  all  conditions  of  purity^ 
from  the  dark  brown  raw  sugars  which  were  formerly  popular  for 
preserving,  to  the  almost  absolutely  pure  forms  of  sugar-ciystals 
and  sugar-candy. 

566.  The  following  analyses,  chiefly  by  Wigner  and  Harland, 
show  the  general  character  of  typical  kinds  of  commercial  sugar. 


Insol- 

Organic 

Description  of  Sugar. 

Sucrose. 

Glucose. 

uble 
Matter. 

Ash. 

Water. 

Matter 

not 
Sugar. 

Authority. 

Raw  Oavb  Suoaxs. 

West  India,   . 

»4-4 

2-2 

-1 

•2 

2-8 

-3 

W.  Wallace. 

Dominica, 

88-30 

3-36 

•  •• 

1-22 

4-95 

2-17 

W.  AH. 

90-40 

3-47 

•  •  • 

-36 

4-22 

1-65 

99 

Porto  Rico,    . 

87-60 

4-84 

•  •• 

•81 

4-26 

2-60 

99 

Trinidad, 

88-00 

6-14 

•  •• 

-96 

4-23 

1-67 

ff 

Sorinam, 

86-80 

4-81 

■  •• 

2-28 

6-27 

1-84 

§• 

China,    . 

72-60 

919 

... 

1-80 

6-76 

9-75 

99 
•  • 

Benarei, 

94-60 

2-63 

■  •• 

1-60 

-98 

•39 

19 

White  Java, 

99-30 

•20 

•  •• 

-20 

•40 

trace 

II 

Undated  Manilla, . 

82-00 

6-79 

■  ■• 

2-00 

6-97 

3-24 

9» 

Raw  But  Sooabs. 

Beet  (average  of  7), 

93-64 

trace 

•  •• 

1-67 

2-62 

2^07 

J.  BelL 

Beet,      ... 

89-15 

•  •• 

•  •■ 

2-63 

4-26 

3^96 

H.  Gfll. 

Beet, 

96-70 

•30 

•  •■ 

1-60 

2  00 

•40 

W.Wallace. 

Palm  Suoabs. 

Date, 

96-40 

1-80 

1-70 

"20 

•80 

•40 

f  1 

Eaat  Indian,  . 

86-00 

2-19 

•  •• 

2-88 

6-04 

2-89 

W.  AH. 

SomoHDM  Sdoabs. 

•••                     ••• 

98-06 

•41 

•  •• 

-68 

1-72 

4-14 

BSclunann. 

Hntchlson,  Kansas, 

93-00 

4-60 

•  •• 

1-10 

1-50 

-90 

0.  Houck. 

RsriHBD  Sdoabs. 

Tate's  cnrstals, 

99  90 

none 

•  •• 

trace 

trace 

none 

W.  AH. 

French  palverlsed, 
Duncan  s     grann- 

99-70 

trace 

•  •• 

-10 

•20 

none 

if 

Uted, . 

99-80 

trace 

•  ■• 

•10 

•10 

none 

ii 

nartinean'ii  tablets. 

99-80 

none 

•  •  • 

•10 

•10 

none 

Flnzel*s  cr]rstals,    . 

99-86 

none 

none 

•01 

•13 

none 

A.H.HassaU. 

Beet  sugar  loaf,     . 

99-10 

trace 

•  •• 

•16 

•2b 

none 

W.  AH. 

beet  sugar  cry 

stals, 

99-90 

none 

•  ■■ 

trace 

trace 

none 

1 

99 

567.  Analysis  and  Assay  of  Commehcial  and  Raw  SuoAiia 
The  following  are  the  most  approved  method.s  for  the  determina- 
tion of  the  principal  constituents  of  commercial  sugars. 

568.  WcUer  is  estimated  in  granular  cane  sugars  by  exposing  5 
grsimmes  of  the  sample  in  a  thin  layer  to  a  temperature  of  60°  C, 
weighing  every  hour  until  there  is  no  further  loss.  Twelve  hours 
are    frequently    required   for   complete   dessicatioiu     Beet   sugars 
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Uiil  good  cane  s\tgara  may  bo  dried  nt  100"  C,  two  boats  Iieuig 
Muflicient.  Sugara  uontainiu^j  much  glucose  geaentUy  niva  too  hi^ 
H  roRult  if  dried  iit  100°  C,  owing  to  a  partial  conversion  of  tiie 
gliicoae  into  glucoson  and  caramel.  Large-gwiiiied  I'efined  migare 
nliHorli  nioietiiro  with  great  facility  after  dryin)^  and  shoitid  he 
weired  betwe^''n  closed  u'Ati'li  glasses. 

Soniu  operat'ji'a  prefer  to  employ  a  temjwratiiro  cf  HO"  C  iat 
Mtimatiug  the  water  in  augaj,  by  wbich  means  the  timi^  required 
ia  usually  greatly  shortened. 

569.  Thu  estimation  of  water  in  treacle,  licet  and  cane  juice, 
&ii.,  IB  tedious,  owing  to  the  low  temperature  which  must  be  em- 
pluyed,  and  to  the  formation  of  a  skin  on  tlie  surface  of  the  UqkiiiL 
To  avoid  this  5  grammos  (or  other  known  weight)  of  thu  aamplt 
aliould  he  dissolved  in  water,  and  the  solution  made  up  to  100  ci; 
10  c.e.  of  this  solution  {='5  gramme  of  the  original  saniple)  U* 
poured  over  about  12  or  15  grammes  of  previously  igiiitMl  silTB^ 
Hand,  contained  in  a  flat  dish.  The  whole  is  dried  at  a  temperBturt 
not  exceeding  60°  C.  until  constant,  the  increase  in  weight  bann 
due  to  the  dry  sugar  in  '5  gramme  of  the  sample.  By  conducting 
the  dessication  in  u  partial  vacuum,*  from  which  the  moisture  it 
removed  by  suljihuric  aeiil  or  chloride  of  calcium,  the  operaticin 
may  bn  finished  in  a  few  hours, 

570.  The  Afb  of  raw  sugar  may  eonlai:i  sanil  and  other  in- 
soluble matters  of  mineral  origin  ;  various  inoiffaiiic  salts ;  and  the 
non-volatile  residues  of  tht.-  salts  ui  various  organic  act<l8,  anioug 
which  may  be  acetic,  succinic,  oxalic,  malic,  tartaric,  citric,  aconitie 
{in  cane  sugar  and  juice  only),  aspartic  (peculiar  to  beet  augar^ 
melassie,  saccharic,  &c. 

The  moat  complete  aualysiB  of  sugar-ash  hitherto  publislied  ii 
one  by  W.  Wallace  (Ghem.  Ni'iex,  xxxvii.  76).  The  ash  was 
derived  from  a  Demerara  cone  sugar,  the  juice  of  which  is  aup- 
jiosed  to  have  been  treated  with  lime  only.  The  raw  sugar  yielded 
1-38  per  cent,  of  ash,  an  analysis  of  which  gave  the  following 
results,  K,0,  2910;  Na^O,  1-94;  CaO,  1510;  MgO,  3-76; 
FejOj,  0-66:  jVl^g,  OCfi  ;  SiO^  1238;  P^Oj,  5-59;  80^  23'T6; 
COj,  406;  and  Ul,  41.')  per  cent.  Total,  10103;  less  O  equal 
to  CI,  0-93  =  100-10. 

571.  The  complete  incineration  of  raw  sugar  is  very  difficult  to 
effect  satisfitotorily,  the  ash  obtained  being  very  fusible,  or  light 
and  easily  blown  away ;  and,  as  it  consiste  largely  of  potaasium 
carbonate,  it  is  very  deliquescent,  and  bene*  difficult  to  weigh 
accurately.     To  avoid  these  inconveniences,  it  is  usual  to  treat  tJia 

'  lAUgier  dries  the  siunpU  at  CO'  C.  in  a  current  of  purified  hjilrageo  or 
CMl-gM.     For  ftootitr  nutthod,  swj  par.  717. 
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sugar  with  sulphuric  acid  before  igniting  it,  by  which  means* the 
ash  obtained  contains  the  bases  as  the  comparatively  little  volatile, 
difficultly  fusible,  and  non-deliquescent  sulphates.  »  An  allowance 
is  made  for  the  increased  weight  of  the  ash  due  to  the  *'  sulphation." 

The  method  of  procedure  is  as  follows : — If  not  already  wet  c»r 
yiscous,  moisten  from  2  to  4  grammes  of  the  sample  all  over  with 
the  least  possible  quantity  of  water,  and  then  with  a  little  pure 
and  concentrated  sulphuric  acid.  Heat  the  whole  gently  till  the 
frothing  ceases  and  the  mass  forms  a  dry  cinder.  Ignite  the 
charred  mass  in  a  muffle  at  a  very  low  red  heat,  and  moisten  the 
residue  again  with  sulphuric  acid  when  the  ignition  approaches 
completion.  Continue  the  ignition  at  a  low  temperature  till  the 
carbon  is  wholly  consumed,  then  heat  to  bright  redness  for  ten 
minutes,  and  weigh  when  cold.  From  the  residue  thus  obtained 
deduct  one-tenth  of  its  weight,  when  the  remainder  will  be  the 
actual  ash  of  the  sample.  If  sand  or  clay  be  present  in  sensible 
quantity,  it  must  be  estimated  by  dissolving  the  ash  in  hydrocldoric 
acid  and  weighing  the  insoluble  residue.  This  must  be  deducted 
from  the  total  ash  before  making  the  correction  of  one-tenth. 

The  following  figures  illustrate  the  average  composition  of  the 
ash  of  raw  cane  and  beet  sugars,  according  to  Monier ; — 

Atesaok  Composition  or  Asa.* 
Cane  Sugar        Beet  Sugar. 
Potassium  (and  sodium)  carbonate, 
Calcium  carbonate, 
Potassium  (and  sodium)  sulphate,  . 
Sodium  chloride,    .... 
Silica  and  alumina, 

1000  100-0 

572.  The   correction  of   one-tenth   in   the  weight  of   the    ash 

^  The  following  results  by  Scheibler  are  interesting,  as  shovring  the  change 

produced  in  the  weight  and  composition   of  sugar-ash  by  treatment  with 

sulphuric  acid  : — 

Burr  ScoAE  Ahh. 

Original.  Sulphated. 

25-65  25-66 

21-62  21-62 

6-63  6-53 

0-72  0-72 

22-87  none 

17-63  58-88 

4-48  none 


16-5 

82-2 

49-0 

6-7 

16-0 
9-0 

11-1 

9-5 

none 

Potash,  . 

Soda, 

Lime, 

Silica,     . 

Carbonic  acid  (CO,), 

Sulphuric  acid  (SO^), 

Chlorine, 


Undetermined  matters,  and  loss, 


99-50 
•50 


112-90 
Less  A  n*29 


10000  101-61 

The  following  analyses  by  J.  W.  Macdonald  {Chem.  News,  xxxrii.  127)  show 
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for  the  increase  citugeil  by  the  voDvoreion  of  the  carbonates  a 
chlorides  into  sulphates  is  not  ntrictly  accurate,  but  is  a  tn 
practic«  very   commonly   adopted.     In  some   caaes  two-tenths  » 
deductcil,  nr  the  weight  of  the  sulphateU  aab  ie  multiplied  by  O'S. 

According  to  Londolt,  the  ratio  between  the  weight  of  sulphated 
ash  yielded  by  heet  siignr  and  tht!  salts  exiating  in  the  sugar  i> 
ftpproiimately  as  1  :  2  (see  par.  fl93), 

S73.  As  any  clay  or  sand  contained  in  a  sample  of  sugar  has  nc 
))reju<Iicial  effect  on  tlie  retining  process,  it  is  eomctimea  desirable 
to  eliminate  such  extraneous  matters  before  determining  the  aih 
proppr.  This  is  done  by  dissolving  a  known  weight  of  the  san^l^ 
in  water,  making  the  solution  up  to  a  known  volume,  lUtetbg 
through  a  dry  filter,  evajiomting  one  half  of  the  filtrate  to  diyntt^ 
moistening  the  residue  with  sulphuric  acid,  and  igniting  in 
usual  way. 

674.  Exti-aetim  Matters.  Oryantf  Maffrri  not  Sugar. — In  oidi- 
nary  comniercial  aniilyses  of  sugars,  the  sum  of  the  sucrose,  glucow, 
iish,  and  water  is  subtracted  from  lOO'OO,  and  the  difference  called 
"  organic  or  undetermined  matters."  Under  the  last  denomination 
jtrij  included  a  great  variety  of  substances,  of  which  the  chief  are: — 
organic  ucida  combined  with  bases  found  in  the  ash;  certain  organic 


Ilia  ccmipoaitioi 
sanipleB  of  i^m 


of  the  mixetl  !iuli>hsled  uh  obtained  in  the  analysis  of  many 
iDii  be«t  sugar  : — 


Potuh 2879 

Sodi, 0-S7 

lime, 8'83 

Migoeda, 973 

Ferric  oxide  ud  nlumin*,    .  S'BO 

^Ica 8-20 

Snlphoiir  mill IS-DG 

100-0« 


00-06 


With  respect  to  thcM  mittlysM,  it  miiy  lie  rtmarked  thnt  phosjihorie  acid  wa> 
not  sought  for  by  Mr  MKcdonald,  but  rpprcBenlative  eamplfs  vith  which  h» 
TaTOuredthe  writer,  on  analysis  in  his  laboratoiy  showed  2 '90  per  cHot.  otPfit 
in  the  csue  su^r  ssli,  and  only  0-U  per  cent  in  the  ash  of  beet  sugar.  In 
tlie  treatment  of  beet-juice  it  is  luusl  to  employ  an  excess  of  linu>,  which  tl 
Afterwards  removed  by  cBrbonic  acid.  Hence  the  phosphates  of  the  juioe 
would  be  precipitated  sluiost  entirely  at  an  early  stage  of  Che  mannfaetaTa, 
The  proportion  of  phogphorie  acid  ia  the  ssh  of  a  sugar  night  perhaps  fumidi 
su  indirect  iiidicsliou  whether  the  article  vcaa  msnufactured  from  cane  or  froiB 
bdcL  Raw  beut  sugar,  however,  it  readily  disringuished  from  that  derirad 
Irom  the  csue  by  the  apjwarance,  flavour,  and  the  small  proportion  of  glacoM, 
owing  to  the  dcstruelioii  of  the  greater  part  by  the  employment  of  ■  large 
ticess  of  lime. 
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bases,  aucli  as  naparagine  and  betame;  gummy  and  pealous  bodies ; 
albuminoids  mid  soluble  ferments ;  and  insoluble  organic  matters, 
sucli  as  particles  of  cane,  &e,  Some  of  these  impurities  have  no 
interest  for  the  sugar-refiner,  but  others  are  very  injuriouB,  Thus 
the  gummy  matters  interfere  with  the  prouess  of  cryatalliaation, 
and  the  albuminoids  tend  tu  induce  fermentation. 

575.  Although  for  most  commercial  purposes  the  estimation  of 
these  Buljstanuea  by  difference  is  sufficient,  the  method  is  open  to 
the  objection  that  all  the  errors  of  the  analysis  are  thrown  on  the 
organic  matters,  and  that  such  a  method  makes  no  distinction 
between  the  hanuless  and  injurious  bodies  comprised  among  the 
"  organic  matters  not  suKar."  Hence  even  rough  methods  of 
obtaining  a  further  knowledge  of  the  nature  and  amoimt  of  these 
substances  have  an  occiisional  value. 

Walkoff  obtains  a  couiparative  estimate  of  the  organic  matters 
in  beet  products  by  precipitating  thp  aohition  of  5  grammes  of  the 
sugar  in  200  c.c.  of  wann  water  by  a  solution  of  2  grammes  of 
pure  tannin  in  1  litre.  The  tanniii  solution  is  added  from  a 
burette,  and  samples  of  the  liquid  filtered  from  time  to  time,  and 
the  filtrate  tested  with  ferrous  sulphate,  which  gives  a  dark  colour 
as  soon  as  tlie  tannin  has  been  added  in  excess.  The  tannin  is 
said  to  precipitate  one-sixth  of  its  weight  of  organic  matters,  but 
the  process  is  chiefly  valuable  as  a  test  for  the  comparative  purity 
of  different  specimens.' 

Another  comparative  method  consists  in  precipitating  tlic  solu- 
tion of  sugar  with  a  slight  excess  of  liaaic  acetate  of  lead,  and 
weighing  the  precipitate  produced,  or  the  organic  matters  recover- 
able from  it  by  decomposing  it  with  sulphuretted  hydrogen. 

576.  6VMCOM  (invert  sugar)  in  raw  sugar  may  be  determined 
by  Fehling's,  Knapp's,  or  Machsae's  method  (par.  223  et  si^q.). 
Fehling's  solution  employed  gravimetrically  requires  a  somewhat 
lunger  time  than  some  of  the  volumetric  metboils.  On  the  other 
hand,  the  latter  rei{uire  that  the  solution  shall  be  tolerably  free 
from  colour. 

577.  Dertrtuie,  in  a  proportion  greater  than  one-half  of  the  tolml 
glucose,  is  not  a  normal  constituent  of  commercial  eane  sugar,  but 
is  sometimes  added  as  an  adulterant  (see  par.  583). 

578.  Sueroae  may  be  determined  in  raw  sugar  by  the  polari- 
metric  method  (par.  461  el  geq.).  In  samples  containing  but 
little  glucose  the  original  reading  will  be  sufficiently  accurate  for 
commercial  purposes,  but  in  other  cases  it  should  be  supplemented 
by  Cleiget's  inveraion-process  (par.  471). 

'  Aipnrogiae  is  not  estimated  in  this  process,  Tlic  Bugni  Ejolution  sliniilcl 
tie  pfriectly  neulral. 
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579.  DiBlcT  Ahbav  ot  Raw  i^uuAR  ruK  Ckyhtallued  SuoAit. 

Instead  of  ntriviiifj  at  the  proportion  of  cryatalUaalile  sugar  in  a 
aHin|iln  by  eatimaling  the  cnne  sugar  prusmit,  and  deducting  Sum 
that  amount  weighte  equal  respectively  tii  the  glucose  and  to  Kt( 
times  the  usb,  Puyen  propos^id  to  ascertain  the  amount  of  ajstal- 
lispd  sugar  actuHlly  ctjntAini'd  is  the  sample,  it  being  assumed  t] 
the  sample  would  C4)nt>un  in  a  crystallised  stale  all  sugsr  capable 
of  beiug  cryslallised  in  presence  of  the  uupiirities,  and  that  this 
■lunntity  could  l>e  actually  ohtainod  in  a  imritied  condition.  pBynii'* 
method  has  been  much  iin]>rovo(l  by  Schclbler,  who  opeiateB  at 
follows ; — 

Three  strengths  of  alcohol,  luiving  speuitic  gnkvittes  respectively 
of  -8488  (No.  1),  -8265  (No.  2),  anil  -8118  (No.  3),  are  K»t  a 
fully  prepared,  and  No.  1  i^  mixed  with  9  per  cent,  by  measure  of 
ordinaiy  acetic  acid.  All  three  of  these  liquids  are  complotely 
saturated  with  cane  sugar  by  keeping  them  in  bottles  lilled  vi^ 
lumpB  of  ttie  best  white  fugar  free  from  powder.  20  granunea  of 
the  sample  are  wi'ighed  out  and  plac«d  in  a  Mohr's  burettu  having 
a  plug  of  cotton-  or  glass-wool  at  tlie  lower  end.  TIih  »rific#  i* 
provided  witli  a  compre«sion<clamp  or  glass-ta)i,  which  is  connected 
by  india-rubber  tubing  with  a  flask,  in  which  a  partinl  vacuum  can 
hi!  obtained  by  a  Bunson  pump  or  other  meouH.  A  lube  fiUcd 
with  pumice,  moistened  wi^  sulphuric  acid,  is  atbiuhed  by  a  cork 
to  the  upper  imrt  of  the  buri'tte,  and  a  current  nf  warm  air  drawn 
through  the  appamtus  for  some  time  to  remove  as  much  of  Uie 
water  as  poasihlu.  (This  pnrt  of  the  proc^cHS  may  be  omitted  if 
the  original  sample  be  tolerably  dry.)  Tlie  drying-tube  is  i 
removed,  and  the  burette  liUed  wiUi  the  sugar-saturated  ftlcdlxd 
No.  1  (speciKc  gmvity  beft^iro  saturation,  '8486).  Tliis  is  allowed 
to  percolate  slowly  througli  the  sugar  till  it  nins  inhi  the  flask 
colourless,  or  nearly  si).  Thu  liquid  is  then  just  sucked  out,  and 
the  residual  sugar  rinsed  successively  with  Nd.  3,  N<i.  3,  und  Ktully 
with  a  mixture  of  one-third  of  ethor  and  two-thirds  of  abaohlt« 
ulcohol.  The  drybg-tube  is  again  attadied,  and  warm  air  sucked 
through  the  ap]>aratus  till  the  sugar  is  thoroughly  dried,  when  it 
is  removed  and  weighed ;  or  it  may  be  washe«l  out  (without  being 
dried)  with  water,  the  solution  clarified,  made  up  to  100  c.c,  and 
polarised.  It  is  very  desirable  lo  enclose  the  burette  in  ii  cylindri- 
cal lamp-glass  or  similiLr  contrivance  by  which  it  can  he  surrounded 
with  water  which  con  Ite  kept  at  60°  C.  during  the  preiiuinuy 
and  final  divings  in  a  curit-nt  of  air,  while  by  filhng  the  cylinder 
with  water  at  60°  i'.  ( =  1  ti^'B  C),  a  constant  temperature  is  readily 
maintained  during  the  treatment  with  alcohol.  The  results  yielded 
by  tliis  proi:ess  are  vcrj'  cciiiJtbint  and  reliable  if  riiif  l>c  tnken  Ur 
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cunduct  the  operation  at  tho  tenipci-nturi;  at  wliiuh  the  alutiliols 
were  saturatud,  aiid  if  Ihs  augnr  be  well  air-dried  K'fore  being 
wuhed.  Although  yielding  good  reaults  with  cane  sugars  tuid 
superior  beet  sugncs,  the  results  obtuined  with  low  beota  (second 
and  third  rmuiings)  are  aomewhitt  fallacious.'  The  method  iis- 
sumes  that  all  the  sugar  in  solution  in  the  adhering  molasses  will 
pass  into  tlie  linal  residue  of  molasHes. 

680.  The  foregoing  method  of  sBsaying  raw  sugar  has  lieen 
criticised  by  Casamajor  {Ckem.  N^s.,  xl.  74,  97,  109,  131)  who, 
without  seriously  invalidating  the  results  obtained  by  it,  rocommends 
the  following  mode  of  estimating  ciystallise<l  sugar: — "Methyl 
alcohol" — by  which  it  is  ptesumed  the' author  of  the  process 
means  commercial  wood  spirit — of  '8533  specific  gravity  at  60°  F. 
(=  16"-5  C),  is  saturated  with  cane  sugar  in  the  same  manner  oa 
Payen's  eolntiona.  By  this  treatment  it  intreuseK  hi  ■8710  specilic 
gravity.  If  not  strictly  of  this  density,  it  must  \>e  ma«le  so  by 
appropriate  addition  of  water  or  wood  spirit,  allowing  time  for  the 
fiiffereiice  in  the  amount  of  sugar  to  become  precipitated  or  dis- 
solved. 19*8  grammei)  of  the  sample  are  then  triturated  in  a 
mortar  with  exactly  .^0  c,c.  of  the  above  solution  ;  and  when  all 
himpB  and  irystals  ore  broken  up,  and  ihc  action  is  BupiKiBed  com- 
{date,  the  li(|uid  is  passed  tltrough  u  dry  httfir,  and  the  density 
carefidly  taken  by  a  hydrometer  ur  specific  gravity  bottle.  From 
^e  specific  gravity  thus  found  (reduced  if  necessary  to  60°  F.) 
the  correeponiling  percentage  of  alcoliol  by  volume  is  ascertained 
(see  voL  i.  p.  90),  and  to  this  figure  is  added  22'9,*  the  sum  of 
the  two  being  the  percentage  of  crystallised  sugar  in  tlie  sumjile. 
If  tlie  trituration  of  the  sugar  with  the  spirit  has  to  hv.  conducted 
at  a  tHTO[M'raturo  above  16°*6  C.  (=60^  F.),  O^l  gramme  less  of 
the  sugar  should  be  tjiken  for  every  increase  of  5°  C.  Thus,  if 
the  temperature  of  the  lalioraloty  be  25'''8  C,  the  staiidari!  weight 
of  the  sample  shoidd  be  19'6  grammes  instead  of  19'8. 

581.  Adultkbations  of  Cohmercial  Cakb  Suoab. 

The  gross  impurities  and  intentionid  adulterations  of  raw  cane 
sugar  are  sometimes  very  considendilc.     Th\ia  the  raw  product  may 

'  The  process  hsa  been  iDvestigatcd  by  Wicbelhaii»,  Eitufeld,  uid  Sttnmvr, 
who,  from  numerous  ex|ierunenbi  on  vaiious  Iduds  oi  raw  sugur,  found  the 
metbotl  gave  fairly  uonsUuit  and  accuratf  rcBults,  the  largoet  variation  being 
1}  pet  cent  (Bird.  Veitlr.,  1879,  p.  S42}.  Lutmaii  has  raiuparcil  the  pracrBs 
with  that  of  calculatiou  from  eoeffioienls.  With  ftw  excBptiouB,  Scheibler'a 
yield  is  from  0-20  to  10-lB  per  cent,  higher  than  by  the  Utter  method,  the 
diflertncce  increasing  as  the  sugars  became  lower  in  giaiie. 

'  ThiB  figure  is  the  ilifferencc  between  lOO'O  aod  tlio  perenntage  of  sU'oho 
hj  valunm  corresponding  to  the  sjiccirie  ffravity  of  the  Btaudard  solulion. 
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4M)utain  wuoily  Gbre  from  the.  unislied  can(\  often  much  gritty  sand, 

Kponiles  of  (uiigus,  cobniea  of  Acarus  nacrhari  or  sugar-mite,  and 
occasionally,  when  in  bulk,  stoaos,  old  iron,  uiid  other  niake-weigbte. 
Starch  augar  is  sometimoB  used  as  an  adulterant  of  rufiued  sugir 
(see  par.  583). 

Inbtntionul  additions  of  sand  and  earthy  matters  are  occaaon- 
ally  made  to  raw  sugars,  but  it  is  very  doubtful  if  such  a  fraud 
has  ever  been  actually  practised  by  a  retaiJ  deali-r,  Formerly, 
when  coarse  brown  sugar  wa»  more  frequently  used  than  is  iww 
the  case,  the  Opportunities  and  iiidticoments  to  adulterate  were  much 
greater  than  nt  preeeut. 

The  presence  of  miul  and  itarl.hy  inaltKi's  is  of  course  indicated 
by  an  excessive  proportion  of  ash,  and  the  incomplete  solability  of 
the  sample  in  water. 

Ftittijim  npiires  are  otyectionable  from  the  extreme  rapidity  wiUi 
which,  under  suitable  conditions,  they  develop  into  a  spreading 
vegetable  growth,  especially  in  presence  of  nitrogenous  matter. 
Such  sugar  is  apt  to  undergo  fermentation  and  turn  aour,  and  pn- 
serves  mode  with  it  soon  spoil 

583.  The  jlfflriMwofcArtiT^  or  sugar-mite,  is  a  small  oniina] 
closely  resembling  the  itch-Lnaevt,  and,  like  it,  ejipable  of  hurnnr- 
ing  under  the  skin  and  producing  an  irritating  pustular  disMM 
called  the  "grocer's  itch,"  which  frequently  attaeka  those  con- 
Htantly  employed  in  handling  raw  sugars. 

The  sugar  acarus  is  posseaaed  of  great  vitality,  resisting  tit* 
action  of  warm  water  for  mojiy  hours.  It  is  sometimes  visible  to 
the  naked  eye,  and  was  found  by  Hassall  in  69  out  or  72  eamplM 
of  brown  sugar  purchaacil  nt  retail  shops  in  London,  while  Dr 
Cameron  estimated  that  as  many  a  100,000  auari  wore  present  in 
each  pound  of  the  sugar  snpiilied  to  one  of  the  Dublin  workliouKs. 
The  acarus  is  wholly  eliminated  by  the  process  of  refining  to 
which  white  and  cryatalhaed  augar  are  aubjected.  The  augw-mite 
is  best  detected  by  dissolving  the  sample  of  sugar  in  warm  water, 
when  the  inaect  will  be  found  adhering  to  the  sides  of  the  glas^ 
or  at  the  surface  or  bottom  of  the  liquid.  By  obaerving  anf 
BUBpected  particles  with  a  low  mii'iflst'opic  [lower,  the  acarus  nu^ 
lie  rea<lily  identified.' 

583.  Stareh-GliKoxe  has  of  late  years  been  extensively  emplt^ed, 
especially  in  America,  aa  an  adulterant  of  the  lower  grades  of 
refined  t-Ane  sugar.  The  starch  sugar  naed  is  commonly  a  highly- 
converted  kind,  as  the  other  varieties  are  too  de](i]ueacent  to  be 

'  Hawaii  (Food  and  iU  JdalUnUiaiui)  has  jiiibliahcd  drawing  of  the  sogv 
aeonu  *nd  sporuleB  of  fnngu«  fonnd  in  taw  sugar. 
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suitable  for  the  purpose.  Anhydrous  glucose  is  aometimee  em- 
ployed, and  the  adulterated  sugara  generally  contain  less  luoisturH 
than  the  genuine  sugara  of  the  aaine  grades,  which  are  known  a» 
"coffee  sugars,"  and  are  always  §old  moist.  The  proportion 
of  starch  sugar  employed  as  an  adulterant  ia  usually  about  20  per 
cent.     A  much  smaUer  addition  would  not  be  remunerative. 

684.  If  the  sonao  of  taste  be  first  deadened  by  placing  a  pinch 
of  pure  powdered  cane  sugar  on  the  tongue,  and  tiien,  while  the 
taste  remains,  a  portion  of  the  auapected  aample  be  teated  in  the 
same  way,  the  bitterish  taste  at  starch  sugar  will  be  distinctly 
peiceived  if  the  specimen  under  examination  be  adulterated.' 

If  the  sample  suapected  to  contain  storch  sugar  be  placed  in  a 
beaker  and  stirred  for  a  few  seconds  Trith  rather  less  than  its  own 
weight  of  cold  water,  any  hydratcd  glucoae  will  be  seen  floating  in 
Ihe  liquid  as  white  specks  resembling  crushed  wheat.  Anhydrous 
glucoae  does  not  behave  similarly,  the  crystals  appearing  as  trans- 
lucent as  cane  sugar. 

585,  The  emplojTnent  of  Casaraajor's  alcohol  metJiod  (see  par, 
580)  does  not  give  an  accurate  estimation  of  starch  sugar  in 
admixture  with  sucrose,  in  consequence  of  the  difficult  solubility 
of  dextrose  in  wood  spirit.  This  fact  may,  however,  be  utilised 
for  the  isolation  of  a  portion  of  the  glucose.  For  this  purpose  a 
saturated  solution  of  dry  starch  sugar  in  "  methylic  alcohol "  of  ' 
935  sp.  gravity  is  prepared,*  The  sample  to  be  tested  is  thoroughly 
dried  and  tlien  stirred  for  two  miuutes  with  the  spirit  saturated 
with  starch  sugar.  The  cano  sugar  dissolves,  while  any  admixture 
of  dextroHe  remains  partially  insoluble.  The  residue  ia  separated 
by  decanting  the  liquid,  and  washed  first  with  more  of  the  spirit, 
and  next  with  strong  methyl  alcohol.'  It  ia  then  examined  under 
the  microscope,  when  any  anhydrous  dextro-glucoae  will  be  recog- 
aised  as  elongated  s'^uare  prisms,  while  the  hydrated  substance 
appears  as  thin  plates. 

586.  Casamajor  also  recommends  the  following  simple  test  for 
starch  sugar: — Take  equal  quantities  of  the  suspected  aample  and 
one  knowu  to  be  genuine,  and  add  sufficient  water  to  each  to  make 
them  decidedly  moist,  using  the  same  quantity  of  water  in  each  case. 
Stir  the  sugar  well,  so  as  to  mix  it  with  the  water  and  make  it 
uniformly  wet.     Tlien  heat  the  mi.\.ture3  to  a  temperature  between 

'  This  test  nay  also  be  employotl  for  detecting  the  presence  o(  cbloriile  of 
tin  Bud  otlier  impiiritira  iu  molasBeB  or  sugara,  aven  when  the  proportion  is 
vury  minute  (CusBinajor,  Chrui.  A'eirs,  ili.  222). 

*  100  u.c.  of  such  spirit  will  dissolve  57  gramitios  of  starch  siignt,  yieliling 
>  solution  of  1260  sp.  gruvitj. 

Cisam^jot,  Ohtm.  ifevn,  xUii  326. 
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50    and  100",    by  i 
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y  uiiniKTMiiig  the  vessels  i-ontaintng  t 
wiLtur.  In  about  ten  minutes  Ihn  ^nuinn  eugur  will  appeu  men 
moist  thaii  when  colil,  wliile  Uie  a<lult*^rat«l  sample  will  ham 
sunk  into  »  IMu^y.  sticky  iubsb.  After  cooling  down,  the  purp 
8U({iir  will  lo<)k  drier,  while  the  mixture  containing  starch  migif 
will  (Continue  in  tliu  state  of  sticky  paste.' 

587.  When  wtsmined  liy  Feliling's  solution,  genuine  coffee 
Btij;iir  will  ntfely  uause  a  rodtictioii  greater  tlian  corresponds  to  5 
)M'r  cent,  of  dextrose,  while  ii  eagHT  adulterated  with  the  vaud 
diuw  of  starch  sugar  will  show  a  reduction  cotresjiomling  to  about 
20  ]>i!r  cent,  of  dextrose.  Owing  t«  the  varialile  conipoaitkli  of 
commercial  starch  sugar  (see  par.  692),  the  proportion  of  it  pieaeot 
in  coffee  sugar  cannot  lie  deduced  with  accuracy  from  the  rednciDg 
power  of  the  sample, 

388.  The  Kame  difficulty  iiriaes  when  an  attempt  is  made  to 
deduce  the  extent  of  adidteration  from  the  optical  behaviour  of  the 
sample  ;  and,  as  conminrcial  starch  sugar  undergoes  more  or  1MB 
change  in  ita  rotatory  ]Kiwer  by  invoraion  with  dilute  acid,  Cleiget't 
methorl  cannot  be  employed  for  the  estimation  of  the  eucroae  pt*- 
sent.*  NeverthelpHS,  the  polarimeter  affords  qualitative  results  of 
great  value,  and  ailoH's  the  fact  of  ndulteratioo  to  be  establlehed 
beyond  the  poaaibility  of  douljt. 

589.  Some  samples  of  uoffee  sugar  adulterated  with  atordi- 
glucose  exert  a  rotation  corresponding  with  upwards  of  1 00  percent, 
of  cane  sugar,  owing  to  the  high  rotatory  power  of  maltoae  and 
dextrin.  Such  a  result  is  sufficient  to  establish  the  presence  of 
starch  sugar.  Tn  cases  of  adulteration  by  more  highly-converted 
starch  sugar,  the  direct  polarijnetric  test  will  fail  to  indicate  the 
existence  nf  aihilt« ration,  but  the  fact  will  betiome  manifest  ob 
inversion,  which  process  ivill  fail  to  produce  the  s-mie  change  in 
the  polariiuetric.  reading  that  would  ensue  if  only  cane  sugar  and  a 
small  pro]Kirtion  of  invert  sugar  were  present. 

590.  Casamcyor  has  proposed  to  utilise  the  fact  that  dextrose 
has  a  higher  optical  activity  where  freshly  dissolved  than  after 
some  time.  The  standard  weight  of  sugar  is  disitolved  in  cold 
water,  maile  up  to  100  c.c.  and  the  solution  examined  in  tbx 
polarimetcr  with  as  little  delay  as  possible.  If  the  sugar  be 
genuine,  the  rotation  first  obsisrveil  will  remain  iincluinged  for  any 
li>ngth  nf  time,  but  if  starch -glucose  Iw  present  the  roUitory  power 

'  Tliie  test  is  bused  on  the  tnudencv  of  eane  sugar  to  fnrm  viscoui  nncTTstil- 
1i5abl«  cniupaunJa  nith  thu  glucoaeB  and  other  organic  IrodieB.  Ae  long  ••  ■ 
miiture  of  cane  sugar  end  sterol)  gluenso  is  kept  dry  it  niiiy  look  Tatr  enoogli, 
I'Ut  on  Sliding  wnter  h  pormaucnt  pnate  will  bo  formed. 

=  Probably  invertin  migbt  bo  employed  (see  par.  583). 
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vdll  graduiiUy  lUiuiiiish.  A  tuimplc  examined  by  Caauuii^or 
showiil  100'4  when  lirst  obaerveil.  lu  fifteon  luinutes,  the  sugar- 
in.licatioii  had  fallen  to  94-3;  to  91 -Q  in  30  minutes ;  to  90-02  iii 
1  hour;  to  897  in  three  hours;  and  to  89'3  in  five  houre,  when 
it  became  stationary.  After  inversion,  tiie  sugar-indication  wan 
72-7  {Ch^n.  Nmm,  xlviu.  252). 

591.  The  appritjcimate  estimation  of  starch  sugar  in  aiUnixtun- 
with  cane  sugar  can  be  effected  on  a  principle  the  a]kp]ication  of 
which  wae  tiret  auggcdted  hy  Chandliir  and  Eicketta.  It  is  baaed 
on  the  fact  that  invert  siigar  becomes  optically  inactive  at  87-2°  C, 
while  the  rotatory  power  of  starch  sugar  is  unaltered  by  increase  of 
temperature.  If,  therefore,  the  sample  be  inverted  in  the  usual 
way  by  heatuig  the  solution  with  hydmchloric  acid,  and  the  rot«- 
tion  Ijc  then  observeil  at  a  temperature  of  87'2°  C,  the  optical 
activity  will  be  solely  <lue  to  the  admixture  of  stAri'h  sugar  in  thi- 
sample.  Unfortiuiately,  the  oomi)l('x  nature  of  starch  BUgiii' 
renders  its  rotatoiy  jxjwer  somewhat  variable,  but,  in  the  kinds 
used  for  adulterating  cane  sugar,  So  may  be  safely  assumed  not  to 
be  in  excess  of  +  S8,  whidi  figure  may  be  used  accordingly  for 
calculiiting  the  percentage  of  starch  sugar  from  the  rotation 
observed.* 

592.  lustend  of  estimating  the  starch  sugar  of  uncertain  optical 
activity,  the  author  suggests  that  the  laiviUose  produced  by  inver- 
sion should  be  de(«rmined.  To  estituate  the  Ixvulose,  a  20  per 
cent,  solution  of  the  sample  should  be  inverted,  heated  to  boiling 
to  destroy  hi-rot^tion,  cooled,  and  observed  in  the  22-centimetm 
tube,  at  two  different  temperatures  as  far  as  possible  removed  from 
each  other.  The  method  of  effecting  this  is  described  in  par.  681. 
The  levulose,  multiplied  by  1'9,  gives  the  cane  sugar  present 
before  invci'sion,  and  the  percentage  thus  founil,  added  to  the  water 
of  the  sample  and  their  sum  subtracted  from  lOODO.  will  give 
the  percentage  of  starch  sugar  jireseut. 

593.  Sugar  Confectionery. 

The  various  f-.-mis  of  sweets  now  si 
rarely  roquim  amdyticid  examination  ( 
poUawiug  enlmirin;/  matericUn,  and  the  i 
declined  of  late  years. 

Among  the  red  colouring  matU'rs  of  sugar  confectionery,  red  lead 


i  extensively  manufactured 
cept  for  the  detection  of 
ise  of  these  has  greatly 


'  If  a  20  ]ier  cent  anlutiim  of  the  euiioJiIq 

ingular  rotntioB  of  8'2  dpgrees,  tin"  

will  be  2fl7,  the  formula  hoing  :— 
__.     imvi    inn 


alhe 


22  cvDlimutni  tub«  show  al 
starch  sngar  in   the  aaniplf 

■31  -SB'T  iK^icent.  of  atari' li 
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nnd  vermilion  have  been  observed,  but  in  tlie  greftt  majoritj'  of 
(■Jises  hannlens  kkea  are  used,  or  else  a  minute  quantity  of  aniline 

Cliroinat«  of  l<>ad  ie  not  unfrequently  employed  as  a  yellow 
colouring  agent,  but  gamboge  is  th»  usual  pigment.  Greens  have 
been  found  to  be  produced  by  a  mixture  of  chromate  of  lead  and 
Prussian  blue,  and  arsonite  of  copper  and  other  cuprous  pigmeots 
have  also  been  met  with- 

Thc  blue  mineral  colouriug  matters  are  usually  harmless,  consist- 
ing of  pruKxian  blue  or  ultramarine. 

The  detection  of  the  injurious  colouring  matters  in  confectioneiy 
belongs  to  mineral  analysis,  and  requires  no  detailed  description 

Starch-fftucose  is  very  extensively  employed  in  the  manufacture 
of  eonfectionery,  but  its  use  aeems  wholly  unobjectionable  unices 
its  nature  be  mi sre presented. 

The  '.suPTices  used  for  flavouring  eonfoctionery  are  now  usually 
of  artificial  origin.  Their  natnre  is  describeil  in  par.  369  et  leq. 
Thore  is  no  evidence  that  the  uso  of  artificial  fruit-^Baences,  in  the 
minute  proportion  necessary,  is  in  any  way  injurious, 

594.  Uolasses  or  Treacle. 

The  physical  characters  of  this  secondary  product  of  the  manu- 
facture of  cane  sugar  are  welL  known. 

The  production  of  molasses  is  due  to  the  long-continued  beating 
of  the  saccharine  juice,  but  tbe  quality  varies  with  the  nature  and 
culture  of  the  sugar-yielding  plant,  and  with  many  other  circum- 
stances. " Refiner s'  niolasse s,"  tbe  syrup  obtained  in  the 
refining  of  sugar,  retains  a  considerable  amount  of  sucrose,  tb^ 
proportion  being  about  35  per  cent,  iu  cune  sugar  molasses,  and  ss 
much  OS  60  per  cent,  in  that  from  beet-root.  This  is  prevented 
from  crystallising  by  the  impurities  present  in  the  raw  sugar  (sei 
par.  603).  The  molasses  from  raw  cane  sugar  contains  a  conaidei 
able  percentage  of  invert  sugar,  from  which  beet-root  molasses 
is  comparatively  free,  hut  the  latt«r  contains  raffinose, 
CoH^Op  aspartic  acid,  and  various  other  bodies.  The  pro- 
portion of  salts  coutained  iu  beet-root  molasses  is  usually  10  to  14 
per  cent.,  whereas  refiners'  treacle  from  mw  cane  sugar  rajely 
contains  lialf  that  proportion.' 

'  Duncan  and  Nrwlanda  have  daviaed  nn  iugeuiouB  process  for 
treating  molasses,  with  tho  riiault  of  retovoring  rrom  it  both  crystallised  lagir 
nud  potash.  The  inolnssca  is  treated  with  crude  sulptiatc  oF  aluDiini,  which 
uauBus  the  prt'cipitatioD  ol  |io  t  ntih -alum  iu  the  form  of  fiae  crystals, 
which  are  removed  and  purihtd  by  ru-cryBtallisatioQ.  In  tbe  saccharine 
liquid  tbe  excess  of  alumina  ia  precipitated  nnd  the  free  acid  neattalieed  by 
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595.  The  following  analyses  show  the  general  composition  of 
molasses : — 


Scoak-Cawb  Pkoducts. 

Green  symp, 
Golden  syrup,     . 
Treacle, 
Molasses, 

„        averiMte,      . 

,,        reflneiV, 

Bbst-Root  Products. 
Molasses, 


>i 


average, 


„        averafre, 
„        average, 


Sucrose. 

Glucose. 

Ash. 

Water. 

627 

80 

1-0 

27-7 

896 

8S»0 

2-5 

22-7 

32-5 

87-2 

8*5 

23-4 

48-0 

180 

1-4 

81-1 

S6 

10 

6 

20 

87-5 

•  •• 

•»• 

25 

50-9 

1-1 

12-9 

190 

50 

•  •• 

10 

20 

W 

trace 

12 

20 

49-4 

••• 

•  •  • 

171 

Organic 

Hatters 

other  than 

Sugar. 


0-6 
2-8 
8-6 

180 

10 


161 
20 

18 


Authority. 


W.  WaUace. 


i> 


J.  H.  i^icker. 
Casamajor. 


Houghton  Gill. 
Wigner  A  Har- 

land. 
J.  H.  Tucker. 
Payen. 


596.  Bodenbender  found  an  average  of  1'5  per  cent,  of  nitrogen 
in  beet-root  molasses,  of  which  nearly  1  per  cent  existed  as 
b  e  t  a  i  n  e  and  proteids,  and  nearly  the  whole  of  the  remainder 
as  aspartic  and  glutaminic  acids  and  asparagine.^ 

chalk  or  lime,  the  liquid  boiled,  filtered,  and  decolorised  by  animal  char- 
coal in  the  usual  way.  The  potash  salts  and  other  impurities  having  been 
thus  got  rid  of,  an  abundant  crop  of  sugar  crystals  is  obtained  on  concentrating 
the  liquid. 

C.  H.  Gill  effects  the  recovery  of  potash  from  molasses  by  adding  oxalic 
acid,  which  forms  a  sparingly  soluble  acid  oxalate  of  potassium.  The  oxalates 
remaining  in  solution  are  precipitated  by  lime,  and  the  oxalic  acid  recovered 
by  decomposing  the  calcium  oxalate  by  sulphuric  acid. 

Lagrange  purifies  beet  sugar  syrup  by  adding  baryta  and  phosphate  of 
ammonium,  when  a  dense  precipitate  of  barium  sulphate,  calcium  phosphate, 
and  ammonio-magnesium  phosphate  is  thrown  down,  and  carries  with  it  much 
of  the  organic  and  colouring  matters  of  the  syrup. 

Scheibler  adds  excess  of  stFontia  to  the  molasses,  when  the  sugar  is  separ- 
ated as  a  strontium  sncrate  which  is  subsequently  decomposed  by  carbonic  acid. 

*  Aspartic,  asparaginic,  or  amido-succinic  add,  C,H3(NH2)(C02H),=» 
C4H7NO^  results  from  the  action  of  alkalies  or  dilute  acids  onasparagine, 
or  amido-succinamic  acid,  C4HgN203,  a  body  present  in  the  beet  and 
many  other  plants.  Both  asparagine  and  aspartic  acid  are  Z(cvo-rotatory  in 
alkaline  solutions  and  dextrO'VotSktory  in  acid  solutions.  Aspartic  acid  reduces 
Fehling's  solution.  Glutaminic,  or  amido-gltUaric  acid,  (CjH5(NH2)(C03H),— 
C6H9NO4,  is  homologous  with  aspartic  acid,  and  is  formed  by  tlio  action  of 
dilute  acids  on  glutamine.  Free  glutaminic  acid  is  dcostrO'TotatoTj  (S  —  + 10"  '2 
in  2  per  cent,  solutions),  and  the  solution  of  its  hydrochloride  more  strongly  so 
(Sj,-»  +25° '5).  A  solution  of  the  calcium  salt  is  /arro-rotatory  (S»-»  -4  7  for 
a  solution  corresponding  to  2  per  cent  of  the  acid). 
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Vanillin  has  been  recently  recogniaed  in  beet  sugar  molasses, 
and  may  even  be  extracted  from  many  samples  of  raw  sugar  by 
simple  agitation  with  ether. 

597.  Bum  is  obtained  by  the  fermentation  of  cane  sugar 
molasses,  with  subsequent  distillation. 

Beetroot  molasses  is  also  subjected  to  fermentation  and  dis- 
tillation. The  residue  of  the  distillation,  termed  vinasse,  is 
remarkable  for  the  bodies  it  yields  on  dry  distillation.  Besides 
the  ordinary  products  obtained  by  the  distillation  of  wood  or  coal, 
the  ammoniacal  liquor  from  the  dry  distillation  of 
vinasse  contains  a  notable  projwrtion  of  trimethylaminc 
(CH3)3X,  together  with  some  allied  products.^ 

598.  The  Analysis  of  Molasses  and  syrups  may  be  effected 
by  tlie  methods  employed  for  raw  sugar,  but  certain  modifications 
are  rendered  necessary  by  the  character  of  the  substance. 

Wafer  may  be  detennined  as  described  in  par.  569.  When 
no  great  accuracy  is  recjuired,  an  approximation  can  be  obtained 
by  taking  the  specific  gravity  of  the  syrup,  but,  owing  to  the 
salts  and  extractive  matters  of  molasses  having  different  solution- 
densities  from  that  of  sugar,  the  results  are  seriously  vitiated 
in  many  cases.  The  water  may  also  be  determined  by  Wiley's 
method  (i)ar.  707). 

The  ash  and  organic  inaffer  not  sugar  may  be  detennined  as  in 
raw  sugars  (pars.  570  to  575). 

Glucose  may  be  determined  in  the  usual  way  by  Fehling's 
solution.  The  estimation  is  not  seriously  affected  by  the  presence 
of  the  other  organic  matters,  unless  a  very  accurate  result  is 
required,  in  which  case  the  s«)hition  must  be  clarified  by  means 
of  lead,  and  the  excess  of  leiul  n?moved  as  described  in  par.  532. 
The  solution  for  the  estimation  of  the  ghicose  should  be  dilute. 

Sucrose  is  best  estimated  by  the  polarimeter,  as  described  in 
par.  471  ef  .swjr.  Rather  largo  amounts  of  lead  solution  and  bone- 
black  are  liable  to  be  recpiired  for  clarification. 

599.  In  the  molasses  from  beet  sugar  (more  especially)  certain 
<jptically  active  bodies  other  than  sugar  are  present.  Of  these, 
m  a  1  i  c,  m  e  t  a  p  e  c  t  i  c,  and  alkaline  sohitions  of  a  s  p  a  r  t  i  c 
a  (J  i  d  are  Icevo-rotatory,  besides  invert  sugar  and  beet 
g  u  m.  D  e  X  t  r  a  n,  a  s  p  a  r  a  g  i  n  e,  g  1  u  t  a  m  i  n  i  c  acid, 
and  acid  solutions  of  a  s  p  a  r  t  i  c  acid  exercise  a  right-handed 
rotation.  These  interfering  substanc(».s,  of  which  the  dextran  and 
beet-gum  are  the  most  optically  active,  tend  in  great  measure  to 

'  Jour.  Chem.  Soe.,  xxxvi  912,  and  xxxviil  159.  See  also  an  interesting 
lecture  by  H.  E.  Roscoe,  on  **A  New  Chemical  Industry,"  Ch^nn,  AVmw,  vol. 
xxxix.  p.  107. 
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neutralise  the  effect  of  each  other.  The  optical  effect  of  asparagine 
is  said  to  be  completely  neutralised  by  adding  10  per  cent  of  acetic 
acid  to  the  solution  filtered  from  the  lead  precipitate. 

600.  If  one-half  the  standard  weight  of  syrup  be  weighed  out, 
treated  with  1  c.c.  of  lead  solution,  and  the  mixture  made  up  to 
50  c.c.  by  absolute  alcohol  and  filtered,  all  the  asparagme,  aspartic 
acid,  malic  acid,  beet-gum,  and  dextran  remain  in  the  precipitate, 
while  the  presence  of  the  alcohol  in  the  filtrate  is  said  to  neutralise 
the  rotation  due  to  the  invert  sugar.  The  method  affords  a  simple 
means  of  obtaining  a  comparatively  pure  solution  which  can  l)e  at 
once  ix)larised,  or  the  alcohol  may  be  distilled  off  and  the  residue 
further  treated. 

The  sucrose  may  also  be  determined  by  Fehling's  solution,  after 
previous  inversion  and  allowing  for  the  glucose  detennined 
without  inversion. 

601.  Sugar-Cane  and  Beet  Juices. 

The  juice  obtained  by  crushing  and  pressuig  the  sugar-cane^ 
has  usually  a  density  of  1070  to  1090,  but  has  been  met  with  as 
low  as  1046    and    as    high    as  1110.     It   is  an  opaque,  frothy, 

^  The  following  analyses  show  the  general  composition  of  the  -sugar-cane  : — 


Localitv  and  Kind  of  Cane. 

Water. 

Sngar. 

Woody  fibre. 

Salts. 

Authority. 

Martinique, 

72] 

18-0 

9-9 

Peligot. 

Guadaloupe, 

72-0 

17-8 

9-8 

0-4 

Dupuy. 

Havana, 

77-0 

12-0 

11-0 

•  •  • 

Casaseca. 

Cuba, 

65-9 

17-7 

16-4 

•  •  • 

Casaseca. 

Mauritius,  . 

69-0 

20-0 

10-0 

1-0 

leery. 

Ribbon  cane, 

76-73 

13-39 

9-07 

•39 

Avequin. 

Tahiti, 

76-08 

14-28 

8-87 

•35 

AveqnixL 

The  following  is  a  more  detailed  analysis  by  Payen  of  Otaheite  cane  a 
maturity : — 

w  a  cer,  .  •  .  •  . 

Sugar,  ..... 

Cellulose,  ligneous  matter,  pectin,  and  pectic  acid. 

Albuminous  matters,  ... 

Cerosin ;  red,  green,  and  yellow  colouring  matters . 
fatty  matter;  resins;  essential  oil;  aromatic  matter; 
and  a  deliquescent  substance, 

Insoluble  salts,  0  1 2;  soluble,  0-16,  consisting  of 
phosphates,  sulphates,  chlorides,  oxalates,  ace- 
tates, malates,  &c.,  .  .  .  .0*28 


71  "04  per  cent 
18  00       „ 

9-56        ,i 

056        „ 


0-37 


10000 


According  to  Casaseca,  the  lower  portions  of  the  sugar-cane  are  the  richest 
in  sugar,  the  centre  being  of  about  the  average  composition.     This  is  shown 
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yellowish  green  liquid.  On  filtration  it  yields  a  pale  yellow  fluid, 
which  is  nearly  pure  syrup,  the  greenish  scum  containing  chloro- 
phyll, a  peculiar  wax  called  cerosin,  albuminous  matters,  fibre,  and 
a  considerable  proportion  of  mineral  matter.  The  pure  or  nearly 
colourless  juice  from  which  the  green  matter  has  been  separated 
contains  in  100  parts: — water,  81*00;  sugar  18'20;  organic 
matters  precipitated  by  lead  salts,  0*45;  and  mineral  matters,  0*35. 
602.  The  specific  gravity  of  the  juice  from  the  white  beet^  is 

by  the  following  analysis  by  Gill  of  carefully  sampled  good  average  cane  from 
the  Aska  district,  Madras  : — 

A.  B.  C. 

Two  feet  top.  Two  feet  middle.    Two  feet  root 

Megass  proper,  .  7 '68  per  cent.  8*47  per  cent.       8*80  per  cent 

Juice,        .         .        .92-87        ,,  91-58        ,,  91*70         „ 

Containing,  Cane  Sugar      10-68%  18*81%  13*87% 

Glucose        .     2*64%  1*51%  1*54% 

The  expressed  juice  had  the  following  composition  : — 

A.  B.  C. 

Cane  Sugar,                       11*51  14*55  14  58 

Glucose,    .         .         .         2-86  1-65  1-68 

Ash,           ...            33  -28  -25 

Unknown,          .         .           '50  '92  '49 


Apparent  solids,         .       15*20  17*40  17*00 

Water,       .  .       84  80  82-60  83*00 


10000  10000  100-00 

The  megass  referred  to  above  contains  little  but  woody  fibre,  as  the  sugar 
extracted  in  the  Aska  district  by  the  diffusion  process.     Ordinary  m  e  g  a  s 
or  mill-trash  after  j)assing  the  rollers  retains  8  or  10  |)er  cent  of  sugar  and 
50  per  cent,  of  water. 

The  ash  of  the  sugar-cane  contains  about  50  of  silica,  5  to  8  of  phosphoric 
acid,  and  very  variable  proportions  of  potash.  Soda  api)ears  to  be  a  constant 
constituent. 

^  The  following  is  an  analysis  by  Payen  of  the  white  or  sugar  beet : — 


Water,             ..... 

82-7 

per  cent 

Sugar,              .... 

11-3 

a 

Cellulose,         ..... 

0-8 

ft 

Albuminous  matters,  .... 

1-5 

>» 

Fatty  matter,              .... 

01 

»f 

Pectin    matters,   asparagine,    aspartic   acid, 

be tain 

(CuHjaNjOg),  &c.  ;  oxalates,  nitrates,  phosphates, 

&Ca  ,                                    •                                 »                                 •                                 .                                 . 

• 

3-7 

>f 

100  0 
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usually  between  1060  and  1070,  occasionally  reaching  1078.  Beot 
juice  contains  a  large  amount  ol  foreign  matters  in  proportion  to 
the  sugar,  a  fact  that  renders  the  mimufatture  of  augar  from  beet^ 
root  much  more  troublesome  thou  from  cane.  The  average  per- 
centage composition  of  expressed  beet  juice  is  approximately: — 
water,  84'68;  sugar,  11'25;  other  organic  matters,  I'iT ;  and 
mineral  mattera,  0"67. 

The  AxALraiH  of  cane  and  beet  juices  may  be  effected  by  the 
method  described  under  "  Molasses  "  and  "  Raw  sugar." 

603.  Valuation  of  Cane  and  Beet  Products- 
Two  samples  of  sugar  containing  the  same  percentage  of  sucrose 

often  difl'er  considerably  in  their  yield  of  crystallisable  sugar  when 
refined.  This  is  attributable  to  the  varying  nature  and  quantity  of 
the  salts  and  other  impurities,  which  either  tend  to  destroy  the 
sucrose  by  inversion  or  prevent  its  cryatalliaation.  These  considera' 
tions  resulted  in  the  adoption  of  the  assumption  that  each  unit  of 
ash  prevents  five  units  of  cane  sugar  bom  crystallising,  and  that 
each  unit  of  glucose  prevents  the  crystallisation  of  an  equal 
weight  (or  according  to  some  practices  twice  its  weight)  of  cane 
sugar.  Hence  a  deduction  equal  to  (twice)  the  percentage  of 
glucose  found,  p!tt«  five  times  the  weight  of  the  ash,  must  be  made 
from  the  content  of  cane  sugar  found  by  analysis,  in  order  to 
ascertain  the  percentage  of  nett  obtainable  or  crystallisable 
sugar  in  the  sample.'  This  percentage  of  ciyatallisable  sugar 
is  colled  the  "refining  value"  of  the  sample.  The  results  of  the 
above  calculation  are  not  always  in  strict  accordance  with  the 
truth,  though  for  beet  sugar  the  variations  are  not  great.  Schulti: 
i-ansiders  that  the  out-turn  of  refined  beet  sugar  is  equal  to  the 
total  sugar  minus  twice  the  amouut  of  total  soluble  impurities. 

604.  A  rapid  approximate  valuation  of  a\igar  may  -be 
obtained  by  making  a  perfectly  saturated  solution  of  the  sample  in 
water  at  17-5°  C,  and  ascertaining  the  density  of  the  liquid.  In  the 
case  of  pure  cane  augar  this  will  not  exceed  1330-0;  but  the  specific 

■  A  cominisaion  djipointed  by  the  French  Government  recommended  the 
following  [ilsD  of  valuing  raw  aagara,  which  is  now  the  officially  recognised 
method  in  France,  though  it  hui  not  met  with  general  acceptance  in  other 
couDtries,  US  Its  indicationn  are  liable  Co  be  erroueoua  in  the  cue  of  cane  sngar. 
From  the  percentage  of  Hucnme  shown  hy  the  polartnieter  is  subtracted  the 
mmof:- 

a.  Four  times  the  weight  o(  theuh.  (By  "aah"  is  m<»nt  sulphated  aah 
nultiplied  by  O'S].  b.  Twice  tbe  glucose  when  the  latter  lesches  1  per  cent. ; 
or  a  weight  tqital  to  the  glucose  when  the  latter  ia  between  }  and  I  per  cant. 
When  the  glucose  is  below  0'5  i>er  cent  the  ci 
per  cent,  for  waits  in  refining. 
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gravity  increases  with  the  proportion  of  foreign  substances.     The 
following  table  is  given  by  E.  Anthon  {Jahresb,^  1868,  p.  957): — 


Percentage  composition  of  solution  saturated  at  17*5*  C. 

Speclflc  gravity  of 
Saturated  Solution. 

Sugar.                 Other  substances.                  Water. 

1330-0 

66-66 

O'OO                       33-34 

1332-2 

64*85 

2-66                       32-49 

1388-4 

63-70 

5-29            '            31-01 

1344*6 

62-65 

7-76                       29-68 

1350-9 

61-42 

10-13                       28*45 

1357-2 

60-28 

12-48                       27*24 

1363-6 

59-14 

14-67                       26*19 

1370  0 

58-00 

16*82                       26-18 

1376-4 

56*85 

18*87            i            24*28 

1382-9 

55*70 

20-77                       23*63 

1389-4 

54*56 

22-69            ,            22*85 

1395-9 

53-42 

24-36            1            22*22 

1402-5 

52-28 

25-98            !            21-74 

1409-2 

51-14 

27-56                       21-30 

1415-9 

50-00 

29*00                        21*00 

606.  A  very  convenient  and  instructive  method  of  assaying  a 
Juice,  8i/nip,  or  molasses  is  to  ascertain  the  ratio  which  exists 
between  the  percentiige  of  sugar  as  determined  by  the  polariscope 
and  as  deduced  from  the  density  of  the  litjuid.  The  difference 
between  the  two  results  is  the  percentage  of  "  solids  not  sugar," 
and  though  the  non-identity  of  the  solution-density  of  these 
matters  with  that  of  sugar  prevents  the  method  from  giving  really 
accurate  results,  it  affords  a  very  simple  and  practical  means  of 
judging  of  the  relative  purity  of  saccharine  liquids,  and  calculating 
the  amount  of  crystallisable  sugar  obtainable  therefrom.  The 
l)ercentage  of  "  apparent  sugar,"  or  total  solids  in  the  liquid,  can  be 
deduced  from  the  table  of  densities  in  par.  490,  and  this  figure 
multiplied  by  the  density  of  the  solution  gives  the  number  of 
grammes  of  total  solids  per  100  c.c.  This  residt  may  also  be 
obtained  from  the  formulae  on  page  211,  but  for  very  strong 
saccharine  liquids,  such  as  molasses,  the  use  of  the  table  is  prefer- 
able. From  the  contents  of  the  liquid  in  total  solids  thus  found, 
there  is  subtracted  the  number  of  grammes  of  sugar  per  100  c.c. 
found  by  the  polarimeter,  when  the  difference  is  the  "  solids  not 
sugar"  per  100  c.c.  The  percentage  of  real  sugar  contained  in 
100  parts  of  total  solids  or  "apparent  sugar,"  is  called  the 
"  apparent-purity-coefficient  "  of  the  juice. 

In  the  case  of  cane-juice  products,  the  "  solids  not  sugar "  are 
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found  in  practice  to  prevent  the  crystallisation  of  an  equal  weight 
of  sugar,  but  1  per  cent,  of  the  "  solids  not  sugar,"  from  beet-root 
will  prevent  the  crystallisation  of  1*2  per  cent,  of  sugar.  Hence  a 
sugar-cane  product  having  an  apparent-purity-coefficient  of  less 
than  60  cannot  be  made  to  yield  any  crystallisable  sugar,  and  the 
same  is  true  of  a  beet-root  product  having  a  coefficient  somewhat 
greater  than  this.^  By  removing  the  salts  (see  footnote,  page  256), 
even  molasses  can  be  made  to  yield  crystallised  sugar. 

606.  MALT-SUGAB. 
Maltose,    Malton,    C^i^^o^i. 

The  sources  and  leading  properties  of  this  sugar  are  given  on 
page  192.  It  has  been  comparatively  recently  isolated  in  a  state 
f>f  purity,  the  existing  knowledge  respecting  it  being  largely  due 
to  the  researches  of  C.  O'Sullivan  (Jour,  CJiem.  Soc,,  xxix.  479, 
XXX.  125).  By  this  and  other  chemists  it  has  been  definitely 
proved  that  the  action  of  diastase  on  starchy  matters  (e,g,,  malt, 
maize,  rice)  gives  rise  to  a  production  of  maltose  and  dextrin. 
Hence  malt- worts  do  not  contain  dextrose  or  other  variety  of  glucose, 
jis  commonly  supposed,  but  a  mixture  of  dextrin,  wC^H^QOg, 
and  maltose,  Ci2H220ii,  both  of  which  may  be.  converted  into 
dextrose  by  heating  with  dilute  acid. 

607.  ^Maltose  usually  occurs  in  fine  crystalline  needles,  which 
contain  CjoHgoO^^jHoO,  and  become  anhydrous  at  100°  C,  yielding 
an  extremely  hygroscopic  residue.  In  alcohol,  maltose  dissolves 
with  less  facility  than  sucrose. 

608.  The  specific  rotatory  power  of  maltose  has  been  determined 
by  various  observers  with  the  results  shown  on  the  following  page. 
The  values  printed  in  prominent  type  are  those  obtained  by  direct 
observation ;  the  others  by  the  calculation  that  Sj :  S©  =  1  '00 :  I'll. 
There  is  no  doubt  that  some  of  the  lower  determinations 
recorded  in  this  table  apply  to  crystallised  maltose,  and  for 
this  and  other  reasons  the  higher  numbers  are  more  probably 
correct.  Hence  in  this  work  the  apparent  specific  rotatory  power 
of  maltose  will  be  represented  by  the  value  8©=  139*2,  and  Sj  = 
154-5.2 

*  Thus,  if  a  beet-juice  have  a  coefficient  of  79,  the  residue  on  evaporation 
will  contain  79  per  cent,  of  sugar  and  21  of  impurities.  21  x  1  '2>»25'2,  which 
deducted  from  79  loaves  53*8  as  the  percentage  of  the  total  solids  obtainable  in 
the  form  of  crystallisable  sugar. 

'  In  some  cases  it  is  convenient  to  calculate  the  rotatory  power  of  maltose 
on  the  assumption  that  a  solution  containing  10  grammes  for  100  c.c.  has  a 
density  of  1038 '6.  In  this  case  Sx>.,.u-  + 136*4,  and  Sj,.m+  151°*3,  or  accord- 
ing to  H.  T.  Brown -Hi  50^ 
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Apparent  Specific  Rotatory  Power  or  Maltose  in  Aquiotjs  Solvtiox, 

Aft  DETERMINED  BY  DIFFERENT  OBSERVERS. 


Value  for  Anbydrons  Suffsr  of 

Concentration  of  Solution 
employed. 

Obaciven. 

Sd. 

iv. 

184-3   • 

149-0 

•  •  • 

Mascalns  k  von  Mering. 

1847 

149-6 

•  • « 

£.  Scholze. 

1337 

148-4 

•  •  • 

E.  Kulz. 

1357 

160-26 

6  to  10 

H.  YoBhida. 

135-2 

160-0 

various 

E.  Sandwik. 

139-2        1        164-6 

10 

C.  O'Sullivan. 

138*0               1681 

5 

Brown  k  Heron. 

189-0               154-3 

5 

A.  Herzfeld. 

189-8               154-6 

•  •  • 

Soxhlet 

189-8 

154-6 

20 

E.  Meiflsl. 

138-9 

154-2 

11 

I.  Steiner. 

The  rotatory  iwwer  of  freshly-made  solutions  of  maltose  is  less 
than  that  of  solutions  which  have  l)een  kept  some  time  or  heated. 
A  cold  solution  of  maltose  does  not  aajuire  its  full  optical  activity 
for  several  hours,  a  fact  wliich  must  be  lx)me  in  mind  in  practice.  A 
similar  "  bi-rotation,"  or  change  of  optical  activity,  is  observed  with 
solutions  of  milk  sugar  and  dextrose,  but  in  their  c^ses  the  rotator}' 
l)ecomes  less  by  keeping,  instead  of  increasing  as  with  maltose. 

Tlie  rotatory  j>ower  of  maltose  varies  to  but  a  slight  extent  with 
the  temperature  and  concentration  of  the  solution.^  The  concen- 
tration, or  grammes  of  anhydrous  maltose  jjer  100  c.c.  of  solution, 
can  be  found  as  described  in  par.  488. 

609.  Wlien  heated  with  dilute  acid,  maltose  gradually  imder- 
goes  hydrolysis  by  conversion  into  dextrose,  the  solution  increasing 
in  reducing  power  and  diminishing  in  optical  activity.  Boiling  for 
live  minutes  with  dilute  sulphuric  acid  causes  a  notable  change, 
but  complete  inversion  is  effected  less  readily  than  in  the  case  of 
sucrose,  and  requires  a  treatment  for  three  or  four  hours  at  the 
ordinary  pressure  (see  also  par.  507).  Malt-extract  and  invertin 
do  not  invert  maltose. 

610.  ^Maltose  is  probably  incapable  of  dii-eet  fermentation,  but 
by  the  continued  action  of  yeast  its  conversion  to  dextrose  and 
fermentation  go  on  simultjmeously,  and  it  yields  alcohol  to  the 
amount  of    51   to  51  i  per   cent,   of   the  original    weight.      If  a 

1  Meisal  gives  the  foniiula  Sd-  140-375  -  0  •01837c  -  0'095^  in  which  Vis  the 
number  of  grammes  of  maltose  per  100  c.c.  and  t  the  temperature,  centigrade. 
These  corrections  are  insignificant. 
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mixture  nf   maltose  and  dextrose  be    fsnnented   with  yi?flst,  the 
whole  of  the  glucose  disapiwurs  before  the  former  sugar  is  touched. 

611.  Maltose  forms  compounds  with  the  alkaliea  and  alknline 
(farthfi,  and  also  gives  an  octo-acety  1-deri  vati  ve,  CjjH^O,] 
(CjHjO)g,  wluch  crystallises  in  thin  prisms  and  possesses  a  rota- 
tory power  of  +81°'2  for  the  sodium  ray,  when  dissolved  in  benzene. 

Maltose  does  not  appeur  t<t  luiite  witli  liorax,  or  with  sodium 
chloride  or  bromide. 

Clilorino  or  bromine  in  presence  nf  water  acts  less  readily  on 
raaltOBC  than  on  dextrose  or  siicrose,  but  eventually  converts  it  into 
gluconic  and  glycollic  acids. 

612.  Maltose  resembles  the  glucoses  in  its  power  of  reducing 
hot  Feh ling's  solution  without  previous  inversion,  but  the  amount 
of  cuprous  oxide  precipitated  is  only  62  per  cent,  of  that  reduced 
by  an  equal  weight  of  dextrose.'  Soxldet  states  that  the  cupric 
oxide  reducing  power  (K)  is  61  when  the  maltose  is  contained  in 
a  1  per  cent,  solution,  and  the  Fehling  reagent  is  imdihited  and 
employed  in  the  exact  proportion  necessary ;  64'1  when  the  copper 
solution  is  previously  diluted  with  four  volumes  of  wat«r;  and 
66"3  when  twice  as  much  of  this  diluted  Fehling's  solution  is  used 
as  is  required  for  the  reaction  {Jour.  Pi:  Cheni.,  [2]  xxi.  227  et  neq.). 

613.  When  a  solution  of  maltose  is  treated  with  a  measore  of 
Fehling's  solution  sufficient  for  its  oxidation,  the  mixture  heated, 
and  the  cuprous  oxide  filtered  off  in  the  usual  way,  a  solution  is 
obtained  which,  if  acidulated  with  hydrochloric  acid  and  heated, 
acquires  the  property  of  reducing  an  additional  quantity  of 
Fehling's  solution.  This  second  reduction  is  somewhat  more  than 
half  the  first,  so  that  the  two  togethpr  approach  to  the  reducing 
power  of  dextrose.  A  similar  behaviour  is  exercised  by  milk 
sugar  (Horzfeld,  Ann.  dtr  Ckeni.,  ccxx.  206). 

614.  Acconling  to  L  Steiner,  the  redncing  action  of  maltose 
on  Pavy's  ammoniacal  cupric  solution  is  the  same  as  u])on  the 
ordinary  Fehling's  reaction.  Thus,  20  c.c.  of  Fehling's  solution 
requires  the  same  measure  of  maltose  solution  for  its  reduction, 
whether  it  Imj  used  direct  or  prei-iously  mLxed  with  40  c.c  of 
strong  ummonia,  and  titrated  as  described  in  [iitr.  539  (Yoshidn, 

'  60'6  is  the  reducing  power  of  msltose  souording  Ui  Brown  and  Heron, 
snd  asaumiag  103S'6  to  be  tbe  density  of  a  Bolndon  ot  maltoie  containing 
10  grammes  per  100  c.c.  Correcting  this  for  the  true  density  found  bj'  them' 
(1039-3)  the  value  of  K  btcomea  61'9  (/our.  Cfe-m.  5«.,  xxsv.  fil8),  0.  O'SuIli- 
VBU  oiiginslly  gave  65  as  the  number  representing  the  cnpriu  oxide  reducing 
power  of  maltose  {JiAir,  CAera.  Soe.,  ixi.  1S6).  but  in  a  recent  letter  to  the 
writer  he  statei  the  vntue  at  fl2'6,  and  takes  1039-5  aa  the  density  of  a  10  pet 
■;eiit.  wlutioD  of  ronltose. 


266 


MANUFACTUHE  OF  MALTOSE. 


Chtnn.  Netra^  xliii.  29).  On  the  other  hand,  the  addition  of  more 
caustic  soda  in  presence  of  ammonia  increases  the  oxidising  power 
of  the  cupric  solution  to  a  notable  extent  (Ghem,  News,  xlii.  45). 

The  action  of  maltose  on  the  mercurial  solutions  of  Sacbsse 
and  Knapp  is  described  in  par.  543. 

615.  Impure  maltose  is  now  manufactured  on  a  large  scale  bj 
the  action  of  malt-infusion  on  starch.  The  relative  proportions  of 
maltose  and  dextrin,  produced  by  the  action  of  malt-extract  or 
dilute  acids  on  starch,  vary  with  the  temperature  employed  for 
hydrolysis;  but  the  nonnal  reaction  may  be  represented  in  ite 
simplest  fonn  as  follows  : — 

CiaHgoOij  +  HgO  =  CgHj^Og + CjoH^jOn . 

Surcn.  Dextrin.  lultoie. 

This  equation  corresponds  to  a  formation  of  33*33  of  dextrin 
and  70*37  of  maltose  from  100*00  of  starch,  and  represents  tJie 
approximate  proportions  of  the  leading  constituents  of  a  well- 
made  beer-wort,  and  also  of  the  commercial  product  known  as 
"  dextrin-maltose." 

616.  Tlie  detection  of  maltose  and  its  distinction  from  the  other 
principal  sugars  are  considered  in  par.  547  et  seq.  Its  determination 
is  based  on  the  same  principles  as  those  applied  to  other  sugars, — 
namely,  the  density  of  the  solution,  the  cupric  oxide  reducing 
power,  and  the  action  of  the  liquid  on  polarised  light.  The 
estimation  of  maltose  in  starch-sugar  is  described  in  par.  696; 
its  determination  in  beer-wort  in  par,  635.  The  information  in 
these  two  sections  will  indicate  the  methods  employed  for  the 
estimation  of  maltose  in  all  cases  of  practical  interest. 

617.  Malt.     French,  Urc^che.     German,  Malz. 

Malt  is  prepared  by  steeping  barley  or  other  grain  in  \vater, 
and  allowing  it  to  germinate,  tlie  si)routed  grain  being  subsequently 
dried  in  a  kiln. 


Barley. 

Malt. 

Alr-dricd. 

Ali>  dried. 

Pale  Klln-<Jried. 

HiK>>  KUn-dried. 

Starch, 

67-0 

68-1 

58-6 

47-6 

Dextrin, 

5-6 

8-0 

6-6 

10-2 

Sugar, 

0-0 

0-5 

07 

0-9 

Cellulose,  &c.,     . 

9-6 

14-4 

10-8 

11-5 

Albuminoids,  &c., 

121 

13-6 

10-4 

10-5 

Fat,    .... 

2-6 

2 '2 

2-4 

2-6 

Ash,   .... 

3-1 

3-2 

27 

27 

Torrefaction  products, 

1 

,         0-0 

1 

0  0 

7-8 

14-0 

'     1000 

100-0 

1        100-0 

100-0 
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The  foregoing  analyses  by  Oudemanns  illustrate  the  com- 
position of  immalted  barley  as  compared  with  malt  dried  in 
different  ways.  Apparently  the  constituents  are  calculated  on 
the  moisture-free  samples. 

The  figures  in  Oudemanns'  analyses,  though  of  value  for  purposes 
of  comparison,  are  not  in  accordance  with  the  most  recent  knowledge 
of  the  composition  of  malt.  Thus,  O'Sullivan  states  that  malt 
contains  no  ready-formed  dextrin,  but  that  it  does  contain  from 
16  to  20  per  cent,  of  fermentable  sugar,  of  which  about  one-half 
is  probably  maltose  and  due  to  the  transformation  of  starch  in 
the  malting  process,  while  the  remainder  exists  ready-formed  in 
the  barley,  and  is  not  identical  with  the  sugar  produced  in  the- 
malting. 

618.  The  following  are  analyses  of  two  samples  of  pale  malt  by 
O'Sullivan.     Every,  constituent  was  determined  directly  : — 

No.  1.  No.  2. 


Starch, 44  15  46*13 

Other  carbohydrates  (of  which  60  to  70  %  con- 
sist of  fermentable  sugar),  inolin  (?),  and  a 
small  quantity  of  other  hodies  soluble  in 
cold  water 21-23  19*39 

Cellular  matter 11*57  10*09 

Fat 1*65  1*96 

Albuminoids — 

a.  Soluble  in  alcohol  (sp.  gr.  820)  and  in 

cold  water,         .  .         .         .      *63  '46 

b.  Soluble  in  cold  water  and  at  68' C,     .  3*23  3*12 

c.  Insoluble  in  cold  water,  but  soluble  at 

68' to  70-0 2*37  1*36 

d.  Insoluble  at  68"  to  70**  C,  but  soluble 

in  cold  water  (  — albumin  proper),      .     *48  0*37 

fi.  Insoluble  in  cold  water,  and  at  70*"  C,     6*38  8*49 


13*09  13*80 

Ash, 2*60  1*92 

Water, 5*83  7*47 


100*12  99*76 

619.  Well-malted  barley  is  always  yellow,  occasionally  inter- 
mixed with  a  speck  of  brown;  while  a  yellomsh  grey  tint  is 
always  objectionable.  On  breaking  the  malt,  the  interior  should 
be  of  a  pure  white  colour,  unless  the  drying  has  been  intentionally 
carried  so  far  as  partially  to  caramelise  the  sugar. 

The  taste  of  malt  is  an  important  criterion  of  its  quality.  It 
shoidd  always  have  an  agreeable,  sweet  taste,  and  the  rapid 
perception  of  sweetness  proves  the  presence  of  a  sufficient  propor- 
tion of  diastase. 

Malt  ought  to  float  on  cold  water.     It  should  not  be  very  hard, 
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being  oasily  bniieerl  between  the  fingers,  but  should  he  cmp,  not 
soft.  These  characters  indicate  whether  a  snmple  is  "steely,"  or 
incompletely  nialted. 

GoJd  malt  is  plump,  long  and  narrow  coma  yielding  httle  «- 
tract.  The  acrotjnre  should  be  from  two-thirds  to  three-four^  of 
the  length  of  the  com,  but  in  no  case  should  it  protrude,  otherwi» 
ton  much  albuminous  matter  will  be  extracted  in  mashing.^ 

Falae  ferments  may  be  recognised  by  washing  about  fiw 
grammes  of  the  sample  in  a  little  water  and  examining  thw 
washings,  after  about  a  quarter  of  an  hour's  standing,  under  the 
microscope.  Lactic  ferments  are  certain  to  be  present,  but  they 
should  not  be  numerous  or  dart  about  in  a  very  active  manner,  or 
the  converting  power  of  the  diastnse  will  be  deficient,  and  titt 
fennentative    activity    ami    purity    of    the    yeaat   will    suffer  in 


The  brewing  value  of  a  simiplc  of  malt  is  chiefly  dependent  on 
three  factors,  namely,  the  proportion  of  soluble  or  extractive  matta 
it  will  yield  to  water;  the  character  of  this  extractive  matter;  md 
the  diustasic  activity. 

The*  proportion  and  composition  of  the  extractive  matter  an 
influenced  by  a  variety  of  conditions,  including  the  temperature  of 
water  used  for  mashing ;  the  character  of  the  water ;  the  proportion 
employed  ;  the  composition  of  the  original  malt ;  the  temperatuie 
at  which  it  was  dried  ;  &c.* 

621.  Extrartive  Matter  in  malt  is  best  detenninetl  by  a  miiui>- 
ture  mashing  proceRS,  in  which  the  same  conditions  are  rigidly 
adlicred  to  for  all  samples,  so  as  to  make  the  test  strictly  cnmpvB- 
tive,  and  to  afford  a  criterion  of  the  probable  behaviour  of  the  malt 
on  a  large  scale.     The  extraction  is  liei^t  conducted  in  the  following 

'  The  mii^roscopii;  cliatactera  of  malt  at  Tnrioiu  stages  of  the  mumboton 
hnvB  been  doacribed  by  G.  L.  Barb  {Pliarm.  Jmr.,  [3]  xv.  33;. 

■  The  following  analyiuis  by  C.  Oraham  show  the  influence  af  hi^  kUn- 
heut-i  on  the  ohnmcter  of  the  in  fusion-products  sabseitQently  yielded  by  tbt 


mall. 


?n°C. 


lOO'C.  120°C. 


Slaltosi^  .         , 

Dextrin 

Lactic  Acid, 
Soluble  AlboiiiinoiilH, 
Colouring  mattura,  aah,  Ac, 

Total  dry  solide, 
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manner ; — Thu  malt  is  cmshed  in  a  small  toffee-mill,  the  fluted 
rollers  of  which  are  so  fixe<l  as  to  produce  a  gnat  which  will  pass 
thioogh  a  sieve  having  aperturea  i^gth  inch  in  diameter.  50 
gramnies  of  the  product  are  then  weighed  out  as  rapidly  as  possible 
(to  avoid  accession  of  moisture),  and  treated  in  a  weighoil  beaker 
with  250  cc.  of  warm  distilled  water  of  such  a  temperature  tliat 
the  initial  heat  of  the  mixture  may  be  from  S0°  to  52"  C.  The 
beaker  containing  the  maiih  is  placed  in  a  water  liath,  and  the 
contents  maintained  at  the  eaine  temperature  for  a  quarter  nf  an 
hoar.  The  heat  is  then  gradually  raised  till  the  immersed  ther- 
mometer registers  59°  or  60"  C,  and  the  temperature  is  then  kept 
umstont  till  a  drop  taken  from  the  liquid  ceases  to  give  a  blue 
colour  with  iodine  solution,  and  nearly  ceases  to  give  a  brown. 
This  shows  that  all  the  starch  and  nearly  all  tlie  erythrodextrin 
have  suffered  hydrolysis, — a  [loint  wliich  will  be  reached  in  about 
twenty  minutes.  The  heat  is  then  increased  to  about  70°  C,  in 
order  to  complete  tlie  saccliaritication,  when  the  water  in  the  bath 
is  boiled  for  tive  minutes.  This  step,  which  completes  tlie  process 
of  mashing,  should  be  arrived  at  in  alxiut  100  minutes  from  the 
commencement  of  the  operation.  The  beaker  is  then  cooled,  and 
the  contents  filtered.  The  insoluble  matter  is  waslied  ^vith  cold 
water  and  the  filtrate  is  made  np  exactly  to  400  c.c.  The  density 
of  th<!  clear  wort  is  next  token  at  60°  F.  (  =  15-5°  C.)  in  the  usual 
way,  by  a  specific  gravity  bottle.  The  uxceas  of  density  over  that  of 
water  {taken  as  1000)  multiplied  by  2'078,  will  give  the  percent- 
age of  dry  extiwct  yielded  by  the  malt.' 

Instead  of  ascertaining  the  gravity  of  the  infusion,  the  proportion 
of  solid  matter  may  lie  determined  by  evaporating  a  known  measure 
of  the  wort  to  dryness  in  a  fiat^bottomed  dish,  so  that  the  residue 
may  form  a  thin  tilm.  The  extract  is  dried  at  105°  C.  till  constant 
in  weight.  Operating  in  this  way,  C.  Gmhani  finds  the  dty  solids 
of  malt  extract  to  have  a  solution-density  of  1037'5,  and  not 
10385  as  generally  stated. 

'  Tkia  method  is  based  oo  tlie  fact  that  eiuh  graninic  of  malt-cxCract.  per 
100  c.c.  of  iufiiaiou  rttisea  the  density  of  the  liquid  by  S'BB  degrees  (water 
being  1000).  Tlie  ligare  2'078  ia  thB  fraction  — —  ;  and  hence  the  peroentRgc 
of  extnctive  matter  in  a  sample  yielding  a  wort  of  1033  density  under  the  con- 
ditiouB  prescribeil  in  the  tent  will  ba :— (1033  -  1000)  )i20>8- 88-57  percent. 

According  to  C.  Gt»ham  the  factor  2-078  ia  too  bw  and  ahonld  be  2-133, 
while  O'SttUivan  considers  the  factor  2'020  would  be  more  accurate. 

For  mont  purpoaes,  it  is  sufficiently  accurate  to  make  up  the  unaltered  wort 
to  415  L'.c,  filter  a  portion  tbroogh  a  dry  filter  and  take  the  dvaaity.  The 
draff  ia  here  aasunied  to  measure  15  c.c,  and  the  waahiug  ia  dispensed  with. 


270  k[tro<;ek  in  malt.  ^^H 

Tho  soUiIh  fif  lunlWxtnict  iiverage  70  per  ceut.  of  the  wd^fferf 
innlt  from  wbiph  they  iire  derived 

The  coli'jur  Hn<l  flavour  of  the  infusion  obtaineil  by  the  niaddnji 
nliould  bo  carefully  nuieii  If  desired,  the  proixirtions  of  the  kill- 
ing conatituenta  may  be  aaeertained  ns  describeil  in  per.  633  rf  teg. 

632,  The  mirai/'mdin  mattrrif  of  lualt  are  of  considerable  ini- 
|M)rtaDCc.  Malt  cimtaius  both  Bolnble  end  insoluldc  nitrogenooa 
ouinpounds,  the  latter  of  which  remain  with  tlie  dniS'  or  gniUi 
while  the  former  ]iasa  into  the  wort,  and  remain  to  some  extent  U 
the  &ii«hed  beer.  The  presence*  of  too  largp  a  proportion  of 
albuminoiiU  renders  beer  lia1)lo  to  change  and  "  turn,"  wliile  too 
little  ifl  disadvantageous  in  other  respecti  The  coagulation  rf  Uw 
iilbuntiu  materially  osBiBts  the  claritication  of  the  hot  wort.  Tlw 
fidness  ou  the  palate,  the  viecoflity,  and  the  nourishing  propertiea 
of  beer  are  characters  largely  dependent  on  the  albuminoids. 

The  total  Qitrogeii  of  malt  is  best  ascertained  by  igiiiting 
it  with  aoda-lime  in  the  usual  way.  The  nitrogen  found  may  b* 
calcukted  to  albuminoids  by  multiplying  it  by  the  factor  6"33, 
The  insoluble  nitrogen  is  ascertained  from  a  combustion  of  the 
draff  with  soda-lime,  and  the  difference  between  this  result  and  tiw 
total  gives  the  a  o  1  u  h  1  e  niti'ogen. 

The  proportion  of  total  nitrogen  in  malting  barley  slionld  1» 
LHjuivalent  to  fully  10  per  cent,  of  albuminoids,  but  in  practiue  it 
varies  from  the  equivalent  of  6  or  7  up  to  17  per  cent,  of  protitidK 

0.  Lintner  {Dingf.  Pohjt.  Juiir.,  ccli.  225)  considers  that  the 
total  nitrogen  of  malt  bears  no  relation  to  the  dinstasic  value,  hit 
that  the  proportion  of  nolnhii-  albumin  is  of  importance  in  tiiv 
eonneutiou.  By  assuniiug  the  soluble  albumin  to  lieloug  to  the 
diastase,  and  multiplying  this  by  6'33,  the  "diastase"  or  soluhle 
albuminoids  in  malt  are  (oimd  to  average  about  2  per  cent,  on  tiie 
dry  BulBtante. 

623.  C.  Graham  utUises  Wauklyu's  "  albmuinoid-ommonia' 
process  of  water-analysis  for  the  assay  of  malt  for  soluble  proteids, 
imd  places  much  confidence  in  il«  indications.  In  a  communica- 
tion to  the  author  he  gives  the  following  details  of  manipulatioa 
The  wort  from  10  grammes  of  malt  is  diluted  to  1000  c.c,  and  rf' 
this  solution  10  c.c.  measure  (  =  0'1  gramme  of  malt)  is  added  tO 
700  c.e,  of  water  and  the  li<)uid  boiled  with  the  addition  of  aome 
previously  ignited  sodium  carbonate.  When  the  distillate  ia  nearly 
free  from  ammonia,  100  c.c.  of  Wanklyn's  alkaline  pemiangaDatC 
solution  is  addeit  and  the  distillation  continued.  The  ammonia  in 
the  distillate  is  estimated  by  Nessler'a  solution,  and  the  amoont 
found  multiplied  by  5200  gives  the  percentage  of  iolvbie  proMdi 
yielded  by  the  malt. 
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624.  Di-affoT  iruol'ible  vialter  may  lie  determined  by  waaliing, 
drying,  and  weighiiig  the  residue  left  uiidifisolved  in  the  luasliinji 
operation  (par.  631).  It  may  lUso  he  oecerbiiaed  by  subtracting 
the  sum  of  the  solid  extm<:t  and  moisture  from  100.  It  is  found, 
however,  in  practice  that  the  solid  extract,  moisture,  and  draff  by 
direct  weighing  always  amount  to  inori?  than  100.  This  is  due  to 
the  fact  tliat  the  starch  takes  up  the  elements  of  water  during  Hip 
mashing,  and  yields  more  than  its  own  weight  of  maltose.  Hence 
care  shoiild  be  taken  to  describe  the  soluble  matter  as  "  extractive 
matter  yielded  by  mashing  the  mult,"  and  not  as  "  e):tractivi' 
matter  contained  in  the  malt." 

The  "grains,"  "draff,"  or  exhausted  malt  will  have  n 
composition  varying  within  certain  limits  according  to  the  skill 
with  which  the  process  of  mashing  or  infusion  was  conducted. 
The  draff  from  higldy-dried  malt  contains  a  smaller  proiwrtion  of 
starch  than  that  from  pale  malt.  Grains  usually  contain  from  4 
to  6  per  cent,  of  albuminoids,  from  5  to  10  of  starch,  &c.,  6  to  10 
of  cellulose  and  lignui,  and  nearly  80  of  water. 

625.  Mointnre  may  !»  determined  by  drying  ft  known  weight  of 
the  sample  in  the  water-oven  till  no  further  loss  of  weight  ensues. 
Malt  is  very  hygroscopic,  and  hence  upre  must  he  taken  that  the 
moisture  is  determined  in  such  a  maimer  as  fairly  to  represent  the 
balk.  Freshly  made  English  nmlt  contains  from  2  J  to  3^  per 
cent  of  moisture,  which  increases  gradually  with  keeping  to  about 
fi  or  6  per  cent.  German  and  Austrian  malts  are  not  so  highly 
dried  as  Englisli,  and  thus  often  contain  5  or  6  per  cent,  of  moisture 
even  when  freshly  made,  whUe  in  Bavarian  malt  the  moisture  some- 
times rises  as  high  as  1 0  per  cent 

626.  Ash  may  be  determined  by  carefully  incinerating  5  or  10 
grammes  of  the  malt  sample  in  a  muill(!,  at  as  low  a  temperature 
a&  poeaible.  In  some  cases  it  is  of  interest  to  ascertain  Bepatntcly 
the  mineral  constituents  of  tlio  draff  and  the  infusion. 

627.  The  acidity  of  malt  is  an  important  character  in  judging 
of  its  soundness.  The  normal  pro]]ortiou  of  free  acid  (cakuhited 
aa  lactic  acid)  is  not  more  than  0'2,  or  at  the  most  0'3  per  cent.; 
0*4  per  cent  is  unusually  high,  and  denotes  misoundnoss.  Such 
malt  should  never  bo  used  for  brewing  beers  intended  for  exporta- 
tion or  long  keeping.  The  acidity  of  malt  is  readily  ascertained 
by  treating  50  grammes  of  crushed  malt  with  100  c.c.  of  cold 
water  and  stirring  the  mixture  occasionally  during  lialf  an  hour, 
Tlie  liquid  is  then  passed  through  a,  dry  filter,  and,  when  tin- 
greater  part  has  rmi  through,  50  c.c.  are  titrated  with  litmus  or 
phenol phthalein,  and  dccinomial  soila  or  stnndard  Excise  ammoniu. 
Each  1  cc.  of  decinomuJ  soda  used  for  the  neutralisation  corrt- 
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^x)n<U  to    0090  gTammos  of  lactic  aciil,  C^gOj,  in  tlio  solution 
OperaUil  OH. 

628.  The  diasiainr  or  hi/droli/lie  poaer  of  malt  can  lie  niensareil 
in  the  following  manner : — 50  grammes  weight  of  the  crushed  sample 
ia  treated  witli  500  c.i:.  of  told  water,  the  mixture  lieing  occs- 
sionall;  stiirod  during  one  hour.  The  solution  is  then  heaW  to 
60°  C,  kejit  at  that  temperature  for  half  an  hour,  and  the  solutiou 
filtered  thrmigli  a  dry  filter.  Two  quantities  of  brew!  of  50  gmnunea 
each,  takea  from  the  same  loaf,  are  treated  with  300  e.L-.  of  water 
at  40°  C.  To  one  of  these  ([uantities  '200  c.c.  of  the  malt  infusion 
( =  20  grammes  of  malt)  i»  adde<l,  and  to  the  otiier  200  c.c  of 
water.  Both  mixtures  are  then  rendered  faintly  alkaline  by  a  fev 
drops  of  bicarbonate  of  sodiom,  and  kept  at  40°  C.  for  tliree  boiUSi 
when  the  liquids  are  filtered.  60  e.c  of  each  of  the  filtrates  it 
then  evaporated  to  dryness  at  a  steam  heat  and  the  residue  weighed. 
The  difiereuce  between  the  weights  of  the  two  extracts  shows  the 
amount  of  matter  rendcreil  soluble  by  the  diastase  in  2  grummes  of 
malt.  The  result  so  obtained  requires  a  correction  for  the  weight 
of  solid  matter  in  the  malt  extract  added.  This  may  be  avoided 
by  adding  to  the  filtrate  from  the  hiank  experiment,  during 
evaporation,  20  c.c,  of  the  infusion  of  malt,  this  being  the  quao^ty 
contained  in  the  50  c.c.  evaporated  in  the  other  experiment. 

The  methods  descrilicd  in  j>ar.  644  fur  estimating  the  diastolic 
power  of  malt  extract  may  also  bo  employed  for  tlie  assay  of  matt 

629.  Malt-Worth. 

By  the  Inland  Revenue  Act  of  1880,  a  bushel  of  average  matt 
is  assumed  to  weigh  42  pounds,  and  two  aucb  busliels  (=84 
pounds)  are  considered  to  be  capable  of  yielding  one  barrel  (=38 
gallons)  of  wort  of  the  standard  density  of  1057.  Heno%  ■ 
quarter  (  =  8  bushels)  of  msilt  is  supposed  capable  of  yielding  4  I 
barrols(  =  144  gallons).  Wort  of  this  density  contains  14  pw 
cent,  by  weight,  or  148  poimds  pi-r  100  gallons,  of  solid  extinct. 
Henc«  tJie  solid  extract  in  36  gallons  of  the  wort  will  be  53'28  lbs., 
which  is  equal  to  a  yield  of  6343  per  cent,  on  the  malt.  It  is 
furthor  oasumed  that  336  lbs.  of  any  description  of  grain,  or  224  Ibe. 
of  sugar,  are  equivalent  to  8  bushels  (=1  quarter)  of  malt  of  an 
average  weight  of  336  lbs.,  and  hence  are  also  capable  of  producing 
4  barrels  of  wort  of  1057  specific  gravity. 

630.  In  the  laboratory,  the  specific  g  r  a  v  i  t  y  of  beer-worts 
is  moat  accurately  ascertainetl  by  the  specific  gravity  bottle  (pw. 
6),  and  from  the  result  the  proportion  of  total  no/id  matter  in 
the  woit  may  be  deduced  by  deducting  1000  from  the  figon 
representing  the  density  and  dividing  the  difi'eronce  by  3'85.  Tho 
dividend  is  the  numbers  of  grammes  of  solid  extract  contained  in 
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100  c.c.  of  the  wort.^  For  the  purposes  of  the  brewer  the  si)ecific 
gravity  of  the  wort  may  be  ascertained  by  the  hydrometer,  various 
modifications  of  which  have  been  devised  for  this  purpose/^ 

631.  Bates'  Brewer  s'  Saccharometer  is  an  instru- 
ment the  indications  of  which  are  expressed  in  "pounds  per 
barrel,"  and  these  may  be  translated  into  absolute  specific  gravities 
by  dividing  the  number  of  "  saccharometer-pounds  "  by  0*36  (or 
multiply mg  by  2-778)  and  adding  1000.  A  barrel  (  =  36  gallons) 
of  water  weighing  360  pounds,  a  beer-wort  a  barrel  of  which 
weighs  380  pounds  (  =  360  +  20)  is  said  to  have  a  "  saccharometer- 
gravity  of  20  lbs.  per  barrel."  The  real  specific  gravity  of  such 
wort  would  be  1055*5  ;— for  360  :  380  =  1000:  10555;  and  it 
would  contain  14*4  grammes  of  solid  extract  per  100  c.c,  or  51*9 
lbs.  per  barrel  of  36  gallons.  Similarly,  a  wort  of  1057  specific 
gravity,  which  is  the  standard  strength  of  beer-wort  on  which  the 
duty  of  6s.  3d.  per  barrel  is  levied,  has  a  saccharometer-gravity  of 
20*52  lbs.  per  barrel;  for  1057-1000  =  57;  and  57x0*36  = 
20-52. 

632.  Corrections  of  densities  of  beer-worts  for  temperature  can 
be  made  as  described  in  par.  491. 

The  method  of  ascertaining  the  original  gravity  of 
beer- worts  which  have  imdeigone  fermentation  is  described  in  page 
98  et  seq, 

633.  The  solid  matter  of  ordinary  malt  infusions  contains 
about  63  per  cent,  of  maltose,  but,  when  obtained  in  the 
manner  directed  in  par.  621,  the  proportion  is  not  unfrequently 
somewhat  higher.  The  remainder  of  the  solid  matter  consists  of 
dextrin,  albuminoid  matters,  the  soluble  constitu- 
ents of  the  a  s  li,  &c.  Notable  traces  of  soluble  starch 
may  sometimes  be  present,  if  the  mashing  has  been  imperfectly  or 
hurriedly  conducted. 

634.  In  brewing,  the  relative  proportion  of  maltose  and 
dextrin  in  the  wort  is  of  great  importance,  and  is  liable  to  con- 
siderable variation,  being  dependent  on  the  temperature  at  which 
the  mashing  was  conducted,  the  length  of  time  occupied  in  the 

^  The  divisor  given  in  the  text  is  that  generally  adopted,  and  is  in  accord- 
ance with  the  published  tables  showing  the  proportion  of  dry  extract  in  malt- 
worts  of  various  densities.  Dr  Charles  Graham,  who  has  had  great  experience 
in  the  analysis  of  malt-products,  informs  the  author  that  he  employs  the 
division  3 '75.  Hence,  according  to  him,  standard  wort  of  1057  specific 
gravity  contains  15  '2  instead  of  14  '8  grammes  of  extract  per  100  c.  c.  O'Sullivan, 
on  the  other  hand,  considers  the  divisor  3*95  to  be  more  accurate. 

'  Of  those  commonly  used,  Baum^'s  hydrometer  is  described  in  par.  11,  and 
the  saccharometers  of  Ball ing  and  Brix  in  par,  498. 
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process,  and  the  diastasic  activity  of  the  malt  employed.  To  t 
minor  extent  the  proportion  will  be  affected  by  the  character  of  tiie 
water  employed  for  mashing.  The  composition  of  the  wort  largely 
influences  the  subsequent  fermentation,  as  a  wort  containing  little 
dextrin  will  produce  a  beer  of  low  density  which  will  clarify  readily, 
but  be  '*  thin,''  and  apparently  much  weaker  than  beer  of  the  same 
original  gravity  but  higher  final  attenuation. 

635.  C.  Graham  estimates  the  maltose  and  dextrin  in  beer 
worts  from  the  cupric  oxide  reducing  power  of  the  solution  before 
tind  after  inversion.  For  the  estimation  of  the  maltose,  the 
density  of  the  solution  is  carefully  ascertained,  and  10  cc. 
accurately  measured  with  a  pipette  and  diluted  to  100  cc.  This 
will  give  a  convenient  strength  of  solution  for  the  volametne 
estimation  by  Fehling's  solution,  but,  if  anything  better  than 
approximate  results  be  desired,  it  is  preferable  to  use  the  copper 
solution  gravimetrically,  as  described  in  par.  537.  20  cc  of  the 
diluted  wort  will  Ije  a  suitable  quantity  to  employ  for  the  reaction 
with  30  cc.  of  Fehling's  solution.  The  weight  of  cupric  oxide 
obtained,  multii)lie<l  by  0*7314,  gives  the  amount  of  maltose  in 
the  quantity  of  diluted  wort  employed.  Or,  if  the  percentage  of 
maltose  contained  in  the  solid  extract  of  the  wort  be  desired,  it 
may  be  calctdated  from  the  following  formida:— 

Weiffht  of  CuOobUinedx  38232  (Percentage  o( 

=  <  maltose  to  toHd 


Volume  in  cc.  of  nndiluted  wort  employed  x (density  of  nndilated  wort— 1000)     (extract  of  woit 

-  The  maltose  having  been  determined,  10  cc  of  the  wort  i8 
mixed  with  3  cc  of  sulphuric  acid,  diluted  to  100  cc,  and 
inverted  by  heating  to  100°  C.  for  three  or  four  hours,  in  a  flask 
furnished  with  a  long  tube  (par.  508).  The  volume  of  the 
solution  is  verified,  and,  if  necessary,  the  measure  is  again  made 
up  to  100  CO.,  when'  10  cc  are  carefully  measured  or  weighed, 
neutralised  with  sodium  carbonate,  and  the  reducing  power 
detenuined  by  heating  with  Fehling's  solution  in  the  same  way 
OH  he/ore.  The  increased  reducing  power  will  be  due  to  the 
dextrose  produced  from  the  dextrin  of  the  original  wort>  due 
allowance  being  made  for  the  increased  weight  caused  by  the 
inversion,  and  to  the  greater  reducing  power  of  the  dextrose  into 
which  the  maltose  was  converted.  If  the  foregoing  directions 
have  been  followed,  the  dextrin  may  Ije  found  by  the  following 
rule  : — Midtii)ly  half  the  weight  of  CuO  obtained  by  the  action 
of  Fehling's  solution  on  2  cc  of  the  original  wort  by  1*72  and 
subtract  the  product  from  the  CuO  obtained  from  the  inverted 
solution  ( =  1  cc  of  original).  The  difference  multiplied  by 
40*8  gives  the  ;^'rammes  of  dextrin  in   100  r.c   of   the  original 
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wort.  If  the  total  aolid  extract  be  calculated  from  the  specific 
gravity  of  the  wort,  the  percentage  of  dextrin  therein  can  be 
readily  ascertained. 

636.  The  percentage  of  deMrin  ia  also  dediiciblo  from  the 
rotatory  action  of  the  infusion  on  polariaed  light.  The  liquid 
should,  if  uecesaaiy,  be  decolorised  aa.  described  in  par.  465,  and 
the  rtitation  then  carefully  observed.  In  order  to  ascertain  how 
much  of  the  observed  eHect  is  produced  by  dextrin,  the  rotation 
due  to  the  maltose  present  ia  liret  calculated.  The  number  of 
gnunmes  of  maltose  Id  100  c.u.  of  the  infusion  having  been 
ascertained  by  precipitation  with  Fehling's  solution,  the  figure 
thus  found  ia  multiplied  by  2'78,  when  the  product  is  the 
circular  rotation  due  to  the  umltose  of  the  wort.  The  figure  thus 
obtained,  if  deducted  from  the  total  circular  rotation  observed, 
gives  the  rotation  due  to  dextrin.  The  angle  found,  divided  by  3'86, 
or  multiplied  by  '259,  gives  the  grammes  of  dextrin  in  100  cc. 
of  the  solution.  These  instructions  are  based  on  the  asauniption 
that  the  polarimeter  is  one  in  which  monochromatic  light  is  em- 
ployed, and  that  the  infusion  is  observed  in  a  tube  2  decimetres 
in  length.  By  dividing  the  grammes  per  100  cc.  by  the  density 
of  the  infusion  (wat6r=  1)  the  actual  percentage  by  weight  of  the 
maltose  and  dextrin  in  the  infusion  will  be  ascertained. 

637.  J,  West  Knights  (Aaaii/sl,  vii.  211)  has  described  a  very 
simple  and  rapid  method  of  approximately  determining  the  dextrin 
in  beer-worts.  10  cc.  measure  of  wort  is  treated  in  a  small  tared 
beaker  with  50  cc.  of  methylated  spirit  of  830  specific  gravity. 
This  causes  the  precipitation  ot  the  greater  part  of  the  dextrin, 
which  after  a  few  hours  collecta  on  the  bottom  of  the  beaker  as  a 
gummy  mass,  from  which  the  alcoholic  liqnid  can  be  readily 
poured  off.  The  deposit  is  rinsed  with  a  little  more  spirit,  and 
the  beaker  dried  in  the  water-ovon  and  weighed.  To  the  weight 
obtained  an  addition  of  0'045  gramme  is  made,  as  a  correction 
for  the  dextrin  retained  in  solution  by  the  spirituous  liquid.  The 
results  are  said  to  be  veiy  good. 

638.  An  alternative  method  of  roughly  assaying  beer-worts  for 
dextrin  is  also  due  to  Mr  West  Knights.  It  is  based  on  the  fact 
that  when  wort  is  dialysed  for  twenty-four  hours  in  contact  with  an 
equal  measure  of  water,  the  diffusion  of  the  sugar  is  practically  com- 
plete, whilst  a  mere  trace  ot  dextrin  passes  through  the  diaphragm. 
A  gloss  dialyser  5  inches  in  diameter  should  be  employed,  and  the 
diaphragm  should  be  French  gut-skin  fastened  to  the  dialyser  by 
an  elastic  band.  100  c.u.  of  the  wort  should  be  placed  in  the 
dialyser,  which  is  suspended  in  a  vessel  containing  100  cc  of 
water,   so  as  just  to  touch  the  surface  of  the  liquid.     By   this 
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arrangement  thert  is  a  slight  &ow  of  water  from  the  colloid 
liquid  to  the  diffusate,  so  that  at  the  end  of  the  twenty-four  houn 
the  volumes  of  the  two  liquids  can  lie  exactly  equalised  by  pounng 
some  of  the  water  into  the  wort.  At  the  conclusion  of  the  pro- 
ixas,  the  colloid  solution  and  the  difiiiaate  contain  equal  quantitia 
of  maltose,  so  that  the  excess  of  density  of  the  former  ia  due  to 
dextrin  and  a  small  quantity  of  lUbuminous  matter.  Thus,  if  the 
volumes  of  the  diulysed  wort  and  diffusate  be  both  restored  to 
100  cc.  by  pouring  some  of  the  latter  into  the  fonner,  and  the 
density  of  the  diffusate  is  1065'5,  while  that  of  the  colloid 
solution  is  only  1042'0,  the  difference,  23'S,  is  due  to  "collwd 
matter,"  or,  in  otber  words,  to  dextrin,  indefinite  carbohydrate^ 
and  soluble  albuminoids.  The  number  23'5  divided  by  3'8B, 
or  multiplied  by  '2597,  gives  the  grammes  of  deictrin,  &c,  pet 
100  cc'  The  proportion  of  maltose  in  the  wort  may  be  calcu- 
lated similarly  from  the  density  of  the  diffusate,  the  lesult  hein^ 
multiplied  by  2.  The  results  are  stated  to  E^ee  fairly  with  those 
obtained  by  Fehling's  solution. 

The  foregoing  method  is  likely  to  prove  valuable  to  brewery  la 
it  involves  a  minimum  of  manipulation,  and  does  not  necesslote 
the  use  of  a  balance.  A  urinometer,  or  other  delicate  hydiometei^ 
may  be  em]>loyed  to  take  the  densities. 

639.  The  other  constituents  of  malt-worts  which  sometiraea 
require  to  be  detennined  are  the  mineral  maite?-g,  free  add,  and 
tolubJn  alhuminni'Jii.  The  auid  may  be  determined  as  in  malt,  the 
ash  after  evaporating  the  infusion  to  dryness,  and  tlie  albuminoids 
by  distillation  with  alkaline  permanganate  as  described  in  par.  639. 

640.  Alcohol  is  not  prosent  in  fresh  malt-infusion.  Aflet 
fermentation  it  exists  in  quantity,  being  derived  chiefly  from  the 
splitting  up  of  the  maltose  (par.  168).  The  change  is  accompanied 
by  "  attenuation,"  or  reduction  in  the  density  of  the  wort^  and  itia 
often  desired  to  ascertain  the  extent  to  which  Lbia  has 
This  may  be  effected  in  the  manner  described  in  par.  237. 

641.  Malt-Extbaot. 
A  solid  extract  of  malt  is  r 

ating  an  infusion  of  molt  at 
vacuo.  The  diostasio  power  i 
exercised  in  the  preparation. 

Malt-extract  should  be  light  in  colour;  dark  preporatiuns 
have  been  overheated,  and  hence  usually  contain  no  active  diastase 
or  soluble  albumin,  being  comparable  simply  with  moiassea.  The 
taste  should  be  peculiar  and  sweet ;  and  the  odour  pleasant, 

'  Soe  footnote  on  page  273. 


3w  produced  extensively  by  evapin^ 

a  low  temperature,  and  genenUy  IS 
arics  greatly  according  to  the  care 
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like  that  of  now  brcjitl  The  solution  in  uine  parts  lay  weight 
of  water  should  be  only  slightly  turbid,  should  filter  readily,  and 
should  give  an  abundant  preci]iitato  a  few  minutes  after  being 
mixed  with  an  e^ual  measure  of  a  cold  aqueous  solution  of  picric 
acid.  The  matter  insoluble  in  water  should  appear  under  the 
microsco|MS  to  eonaist  of  amorphous  coagulated  matter,  ferments 
particles,  and  long  hexagonal  prisms. 

642.  Water  and  Total  Solids  may  be  determined  ai 
^r.  588),  but  a  good  and  rapid  method  is  to  calculate  the  sohds 
from  the  density  of  the  estraet.  A  known  weight  of  the  sample 
should  he  lUluted  with  an  equal  weight  of  water  and  the  deusity 
observed  at  17°'5  C.  The  corresponding  weight  of  solids  is  then 
learnt  from  the  table  on  page  212,  and  the  percentage  in  the 
sample  will  of  course  be  twice  this  amount.  The  result  so  obtained 
will  be  from  i  to  2  per  cent,  below  the  truth.  A  more  accurate  plan 
consists  in  dissolving  the  extract  in  four  times  its  weight  of  wat«r, 
observing  the  density  of  the  solution  at  60"  F.  (=  15'''5  C),  and 
calcnlating  the  solids  therefrom  by  the  formula : — 

(Dcullf  of  KilotloD~l«)Ojxl-a 


UflDBltjr  Dl  IDlatlotl. 

The  proportion  of  solids  in  malt-extract  ought  not  to  be  below 
7&  per  cent.,  as  diastase  does  not  keep  well  in  less  conccntrat«d 
extracts,  though  in  commercial  preparations  the  solids  range  from 
81  to  14  per  cent.  The  very  aqueous  samples  occasionally  contain 
alcohol.  Preparations  containing  much  water  often  receive  an 
addition  of  ealiri/Hc  arid.  Such  a  treatment  of  malt-exttact  ia 
very  objectionable,  as  the  diastase  is  rendered  inactive  thereby. 
On  agitating  the  diluted  extract  with  ether,  the  salicylic  aeid  is 
dissolved,  and  may  be  recovered  by  separating  and  evaporating  the 
ethereal  layer,  and  recognised  by  dissolving  the  resultant  residue  in 
water  and  adding  ferric  chloride,  when  a  fine  violet  coloration  will 
be  produced  if  salicylie  acid  be  present. 

643.  The  free  acid  in  freslily  prepared  malt-extract  ia  almost 
entirely  lactic  acid,  but  other  acids  are  formed  on  keeping.  The  free 
acid  may  be  determined  by  dissolving  10  grammes  of  the  sample 
in  100  c.c.  of  water  and  titrating  the  liquid  with  decinormal  so<la, 
of  which  each  ac.  neutralised  represents  01)90  per  cent  of  lactic 
acid.  The  acid  should  not  exceed  0'75  per  cent,  at  the  outside, 
or  the  diastasic  strength  of  the  extract  will  rapidly  disappear. 

644.  The  diaManc  poircr  is  the  feature  of  greatest  importance 
in  malt-extract.  Methods  for  tlie  determination  of  this  have  been 
devised  by  Dunstan  and  Dimniock  (Pharm.  Jmir.,  [3]  ix.  733-735), 
and   by  C.  Jimgk    i^Pharm.  Jour.    [3]    xiv.    105).     The    former 
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tirocesB  consists  in  allowing  a  standard  solution  of  malt-extnct  I 
net  on  B,  certain  quantity  of  gelatinised  starcb  for  a  definite  titt^ 
the  tenninatiun  of  the  reaction  being  indicatwl  by  iodine.  Thft 
following  method  of  using  the  process  will  bo  found  to  bo  mort 
convenient  for  ordinary  use  : — The  solution  of  malt-extract  is  pOh 
)mred  by  dissolviiig  5  grammes  of  the  sample  in  100  c.c.  of  w^tet. 
0*5  gramme  of  starch  (dried  at  1 00°  C.  before  weighing)  is  gelatiniaed 
by  boiling  with  water,  and  the  cold  liquid  diluted  to  100  ex. 
ITie  standard  solution  of  malt-extract  is  then  adited  to  20  c.e.  of 
this  mucilage  by  instalments  of  1  ex.,  at  intervals  of  half  an  hour, 
until  it  ceases  to  give  any  colour,  when  a  small  quantity  is  tested 
with  a  dilute  solution  of  iodine.  If  less  than  1  c.c.  of  the  solutitn 
produces  this  effect,  more  of  the  mucilage  should  be  added  and  the 
operation  continued.  The  process  may  be  hastened  by  cariying  on, 
in  the  first  instance,  more  than  one  experiment  with  different 
quantities  of  malt-*stract,  in  -which  way  a  rough  idea  is  obtMaed 
of  the  quantity  required,  and  the  exact  amount  can  be  readily 
determined  by  further  experiment. 

The  process  may  also  be  employed  to  determine  the  diastaue 
power  of  malt.  5  grammes  of  very  finely  jxiwdered  mall  tM 
digested  and  agitated  for  one  hour  with  .^O  c.c.  of  cold  wat€ir. 
The  liquid  is  then  strained  oti'  and  the  residue  ng&ui  dij^ted  for 
an  hour  with  50  c.c.  of  water.  The  liquids  are  then  mixed,  made 
up  to  100  cc.,  and  the  solution  then  allowed  to  act  on  stsidi 
mucilage  in  the  manner  already  described.  The  results  indicate 
the  quantity  of  malt  or  malt-extract  required  to  convert  a  certain 
amount  of  dry  starch,^ 

645.  T.  8.  Dymond  {Phami.  Jiitr.,  [3]  sv.  236)  has  examined 
the  processes  of  Dunstan  and  Dimniouk  and  of  C.  Jungk.  The  latter 
he  considers  to  be  uutruiit worthy,  but  tttatea  that  the  former  gives 
accurate  and  constant  results,  and  has  proposed  the  following 
modiftcation  of  it,  which  will  be  found  useful  in  cases  where  an 
approximate  idea  of  the  strength  of  commercial  malt-extisct 
ie  required : — A  mucilage  of  starch  is  prepared  by  adding  O'l 
gramme  of  dried  starch  to  100  c.c  of  water,  and  raising  the 
liquid  to  the  boiling  point.  This  is  cooled  and  mixed  with  > 
solution  of  1*5  gramme  of  the  sample  of  malt-extract  in  15  c& 
of  water.  The  mixture  is  raised  to  60°  C,  and  tested  from  time 
to  time  by  removing  sampleKjuantities  of  5  cc.  each,  cooling 
them,  and  adding  two  dro^is  of  a  solution  of  iodine.  The 
colour  is  compared  with  5  c.c,  of  a  similar  mixture,  to  which 
iodine     but    no    starch    has    been    added.       When    the    iodiw 
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produces  no  further  reaction,  the  conversion  of  the  starch  by  the 
diastase  is  at  an  end.  With  a  very  good  extract  this  will  occur 
within  half  an  hour,  but  many  commercial  extracts  continue  to 
react  with  iodine  for  nearly  three  hours.  If  the  conversion  is  not 
complete  after  that  length  of  time,  the  extract  should  be  condemned, 
as  it  is  practically  useless  for  its  intended  purpose,  having  probably 
been  evaporated  at  such  a  temperature  as  partially  or  wholly  to 
destroy  the  diastase.  Such  samples  differ  little  in  dietetic  value 
from  honey  and  other  saccharine  preparations.  The  process  may 
be  rendered  quantitative  by  accurately  noting  the  time  required  by 
different  malt-extracts  to  effect  the  conversion  of  the  starch,  the 
diasta«ic  strength  being  inversely  proportional  to  the  duration  of 
the  reaction. 

646.  MILE-SUOAB. 
Lactose.    Lacton.    Lactin,    C^sHsgO]!. 

French — Sucre  de  Lait  G^erwaw— Milchzucker. 

(See  also  Table  on  page  192.) 

This  species  of  sugar  is  met  with  only  in  the  milk  of  the 
mammalia,  herbivorous  animals  secreting  a  larger  proportion  than 
the  camivora.  Lactose  is  the  most  constant  constituent  of  milk, 
from  5  to  6  per  cent,  being  present  in  human  milk  and  4  to  5 
per  cent,  in  the  milk  of  most  of  the  herbivora, 

647.  Milk-sugar  is  usually  prepared  by  curdling  milk  with  rennet 
or  sour  whey,  removing  the  coagulum,  and  evaporating  the  whey 
to  a  thin  syrup.  The  crystals,  which  gradually  separate  on  standing 
in  the  cold,  are  purified  by  crystallisation  from  hot  water,  re-solution, 
filtration  through  animal  charcoal,  and  re-crystallisation  on  strings 
or  pieces  of  wood  placed  in  the  solution.^  The  product  may  be 
further  purified  by  re-solution  in  water  and  precipitation  from  the 
solution  by  addition  of  alcohol,  in  which  milk-sugar  is  but  little 
soluble. 

648.  Milk-sugar  crystallises  in  hard,  wliite,  semi-transparent, 
hemihedral  rhombic  (or  trimetric  ?)  prisms  or  saccharoid  masses  of 
the  composition,  Ci2H22^ii  +  H^O.*^  The  crystals  are  unaltered  at 
100°  C,  but  are  rendered  anhydrous  with  some  difficulty  by  heating 
to  130°  C.  On  evaporating  a  solution  of  milk-sugar  with  sand 
80  that  the  residue  forms  a  thin  layer,  the  anhydrous  sugar  is  often 

^  For  an  interesting  paper  on  the  manufacture  of  milk-sugar  in  Switzerland, 
by  J.  Kunz,  see  the  Pharm.  Jour,,  [3]  xv.  443. 

^  On  rapidly  boiling  down  a  solution  of  milk-sugar  in  a  metallic  dish,  the 
solution  suddenly  solidifies  to  a  porous  mass  of  small  anhydrous  crystals. 
These  are  readily  soluble  in  water,  giving  a  solution  rotating +62°  7. 
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obtained.  Anhydrous  milk-«ugar  is  not  further  altered  at  150**  C, 
but  at  170  to  180  it  turns  brown  and  yields  lacto-caramel, 
with  the  loss  of  the  elements  of  water. 

649.  A  freshly-prepared  saturated  solution  of  milk-sugar  in  cold 
water  contains  14 '5  5  per  cent,  of  the  crystallised  sugar,  but  after 
standing  (or  immediately  on  boiling),  the  solution  is  found  to 
contain  21*64  per  cent.,  or  half  as  much  more.  This  change  in 
solubility  appears  to  be  related  to  the  size  of  the  molecules,  for  the 
specific  rotatory  power  of  the  two  modifications  of  sugar  which  may 
be  assumed  to  exist  in  the  solutions  is  in  inverse  proportion  to  the 
solubility  in  water.  ^  Thus  a  freshly-prepared  solution  is  supposed 
to  contain  the  a  modification,  and  a  solution  which  has  been  kept 
the  )8  variety.  The  value  of  S^  for  the  a  variety  is  +80°,  and  for 
the  j9  kind  +52°'7  for  a  concentration  of  12  per  cent.,  and  SS^'S 
in  solutions  of  3  per  cent.^  As  the  latter  modification  is  more 
soluble  than  the  former,  in  the  i)roportion  of  about  3  to  2,  it 
follows  that  saturated  solutions  of  eithei;  modification  will  exert  the 
same  angular  rotation  on  a  ray  of  polarised  light. ^ 

The  figure  +52*7  corresponds  to  a  value  of  Sd=+55*8  for 
inhydrous  milk-sugar. 

650.  When  boiled  with  dilute  sulphuric  acid,  milk-sugar  under- 
jjoes  hydrolysis  with  formation  of  dextrose  and  galactose, 
(see  par.  685). 

According  to  Bouchardat  {Ann.  Ch-enu  Phys,,  [4]  xxvil  75), 
milk-sugar  is  not  affected  when  heated  in  solution  to  100**  with 
oxalic  acid ;  a  reaction  l)y  which  it  may  be  distinguished  from  cane- 
sugar,  which  undergoes  inversion  (and  consequent  change  in  optical 
activity  and  reducing    power)    under   the  same    conditions.     On 

^  H.  W.  Wiley  has  recently  reviewed  the  determinations  of  the  specific 
rotation  of  milk-sugar,  and  considers  +52** '5  the  most  correct  figure  {Amor, 
Cliem.  Jour.f  vi.,  No.  5). 

*  Hesse  explains  this  curious  fact  in  the  following  manner : — The  **  rotatory 
])0wer8  of  the  two  modifications  (of  milk-sugar)  stand  to  one  another  as  8  to  2, 
consequently  in  inverse  proportion  to  the  solubility  of  the  two  forms.  A 
freshly-prepared  solution  of  milk-sugar  saturated  at  10°  C.  contains,  in  100 
parts,  14*55  parts  of  sugar.  In  these  proportions  the  molecules  of  sugar  fill 
the  given  space  so  perfectly  that  any  further  molecules  of  sugar  added  to  the 
solution  find  no  room  to  dissolve.  By  boiling  or  standing  there  results  a  con- 
traction in  the  building  up  of  the  molecules,  so  that  the  volume  of  each  is 
reduced  to  two-thirds  of  its  original  expansion.  The  solution  is  then  only  two- 
thirds  full,  so  that  a  further  one-third  part  of  substance  in  the  same  condition 
may  find  place  in  it.  A  light  ray  which  passes  through  the  volume  of  the  first 
form  must  travel  a  path  one-half  longer  than  when  it  passes  through  the  fi 
form,  and,  correspondingly,  in  the  first  case  it  is  more  strongly  affected  by 
one-half  than  in  the  latter." 
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the  contrary,  Stokes  and  Bmbuer  find  tbat  Dxali[^  acid  is  not  without 
invertive  influence  on  milk-sugar,  but  that  citric  acid  has  no  action 
on  it,  while  readily  inverting  cane  BUgar.  Milk-augar  is  stated  to 
be  soluble  in  *'  distilled  vinegai,"  and  to  ctyatalliae  from  the  aolu- 
tion  unaltered. 

651.  Milk-augar  does  not  readily  enter  into  fermentation  with 
yeast  alone,  but  iu  contact  with  putrefying  casein,  as  in  old  milk, 
it  readily  ferments,  the  chief  products  in  this  cose  being  alcohol 
and  lactic  acid,  and  the  milk-sugar  not  undergoing  previous 
inversion.  Koumiss  is  a  product  of  the  fermentation  of  lactose  as 
existing  in  marea'  milk. 

652.  Milk-augar  readily  becomes  brown  when  heated  with 
alkalies.  It  forms  more  or  less  well-defined  compounds  with 
metallic  oxides,  the  neutral  lime-compound  being  soluble,  and  the 
basic  insoluble.  With  chloride  of  sodium,  milk-sugar  does  not 
appear  to  form  any  definite  compound. 

653.  Milk-sugar  exhibits  a  reducing  power  resembling  that  of  the 
glucoses  rather  than  cane-sugar.  It  rapidly  reduces  the  ammonio- 
nitrate  of  silver,  luid  this  reaction  is  employed  for  silvering  glass, 

654.  Determination  of  Milk-Sagar. 

Practically,  the  estimation  of  milk-sugar  is  required  simply  in 
milk  and  products,  such  as  whey  and  koumiss,  derived  therefrom. 

A  mctliod  which  affords  an  approximate  estimation  of  the 
sugar  iu  milk  consists  in  adding  a  few  drops  of  acetic  acid  and 
wanning,  filtering  from  the  resultant  curd,  boiling,  evaporating  the 
clear  whey  to  a  small  bulk,  again  filtering,  and  then  evaporating 
the  filtrate  to  dryness.  The  residue,  after  drying  at  130"  C. 
consists  almost  wholly  of  milk-sugar  and  salts.  The  amount  of 
the  former  substance  present  may  be  ascertained  by  igniting  the 
weighed  residue  and  noting  the  loss  of  weight. 

655.  Milk-sugar  may  be  estimated  by  observing  the  optical 
activity  of  ite  solution.  To  apply  this  method  to  milk,  from 
61 '67  to  70'27  grammes  of  the  sample  shoiUd  be  weighed  out, 
G  cc.  of  the  solution  of  lead  acetate  employed  for  clarifying  sugar 
solutions  (see  foot-note  on  page  201)  added,  the  mixture  well  shaken, 
diluted  to  100  c.c.  with  cold  water,  and  at  once  passed  through  a 
dry  filter.^  The  clear  hquid  thus  obtained  is  then  poured  into  a 
2-deciinetre  tube  and  examined  in   the   [mlarimeter.     If  16'350 

'  If  cawtully  conducted,  this  treatment  prodiw^B  a  clear  filtrata  which  gives 
no  precipitste  on  boiling.  The  liquid  shonld  on  no  account  be  heated  before 
filtering.  The  method  of  operating  describod  in  the  text  was  common icatml 
to  the  author  by  3.  P.  Sharpies,  who  finila  it  reiiuires  only  fifteen  minutes  for 
its  perfomiBnce,  while  the  results  are  very  ntisfactory. 
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grammes  of  cane-sugar  be  the  standard  weight  intended  to  be 
used  with  the  instrument,  the  .most  convenient  weight  of  milk  to 
employ  is  61 '6 2  grammes  (=  60  c.c),  when  the  sacchaiimetnc 
indication  only  requires  to  be  divided  by  3  to  obtain  the  grammes 
hydrated  milk-sugar  in  100  cc.  of  the  sample  under  examination. 
If  26*048  be  the  standard  weight  for  the  instrument,  65*7  grammes 
(or  64  c.c.)  of  milk  should  be  employed,  and  the  saccharimetric 
indication  divided  by  2.  If  the  sodium  ray  be  employed, 
70*27  grammes  of  milk  weighed  out  (or  68  cc.  measured),  and 
the  obser>'ation  made  in  the  2-decimetre  tube,  each  circular  degree 
of  rotation  corresponds  to  1'5  grammes  of  hydrated  milk-sugar  in 
100  cc.  of  the  sample.  100  parts  of  crystallised  represent  95  of 
anhydrous  milk-sugar,  of  which  genuine  milk  shows  from  4  to  5 
per  cent.  H.  W.  Wiley  {Am^.  Chetn.  Jour.,  vi  No.  5)  has  recently 
shown  that  the  estimations  of  milk-sugar  in  milk  by  the  foregoing 
j)rooess  are  below  the  truth,  owing  to  the  incomplete  removal  of 
the  albuminous  matters  by  the  lead  solution,  and  the  Isvo-rotatoiy 
power  of  those  left  in  the  liquid.  Hence  he  has  proposed  to  sub- 
stitute a  mercuric  solutii>n  for  that  of  the  basic  lead  acetate^  Two 
tUtoriiative  mercurial  reagents  are  prescribed,  the  simpler  of  which  is 
prejxireil  by  disjjoh'ing  mercury  in  twice  its  weight  of  nitric  acid  of 
1*42  si»ocitic  gravity,  and  diluting  the  resultant  solution  with  an 
espial  moasui\»  of  water.  1  cc.  of  this  reagent  is  sufficient  to  pre- 
cipitato  the  iUbuiiiiiioids  fnmi  60  to  70  cc.  of  milk,  but  a  larger 
prv^jK^rtiou  can  Iv  employ ovl  without  affecting  the  results  of  the 
suWiHjuout  ix^larisiiiion.  Wiley  dilutes  the  solution  to  102*4  cc, 
the  extni  volume  of  2*4  c.c.  being  an  allowance  for  the  average  space 
Oivupiod  by  the  idbuminous  precipitate. 

6rn».  tVhIiiigV  copj^er  >«-^Iution  (^jxir.  530)  is  readily  reduced  by 
unlk-sui::ir  on  hoaiing.  the  prv»ix>rtion  of  copper  reacting  approxi- 
nuuiui:  to  tho  prv^jvrtion  of  7CuO  (=  555"S)  for  CijH^Ou 
^=  »U2\  This  rativ*  corrvv<jviul>  to  a  reduction  of  100  c.c  of 
cvUMvr  sv^lu'iou  bv  'i^TSO  c-iiunio  of  milk-^ucar,  a  result  which  i» 
in  vUvit*  avwrxlauce  wiih  :ht?  ^.^l:r\'  vf  Soxhiet,  *676,  whose  method 
of  o^vra:;i\^  i:^  xU\<vTiK\l  iu  lar.  7^44.  The  behaviour  of  milk- 
sv.car  \v;:U  KrhliUiiV  !?».lx::ij:i  h.u<  Kht^  critically  examined  by 
KvxIvWhIvI  ar.vi  IVIUr.s  \l^'.:.  iv/i.  '>.s.  /t-..  "xL  2076),  and 
thoir  wiiolusior.ii  arv^  i^'iurallv  vvrinmied  by  Mu:eri.4mi/yrf,  v.  35), 
but  !ha:  clu* v.ii>:  :i^lua:o:s  i:i  avli::io:u  certain  ivints  bv  attention 
to  \vi;iv'li  iho  v.xc:hv\l  Ciui  K^  further  iiivreasevl  in  accuracy. 
A^^^^r^l:v^  to  M.i^r.  vvv.:i;.u.;  r\'*v.I:s  v-annot  be  easur^  unless  the 
\%UoIo  l»v;u:d  Iv  vlxluuxl  :o  suvh  a  'iVi'^:  as  :o  n?viuce  to  insignifi- 
v-auvv  the  tciAUVA V  ot  :lv  .vlkali  :o  xo:  on  the  sugar,  while  the 
Kv'hi;;v^  s  5!*.^iu;;ou  ',?i  cv.t»^\oy\vl  ui  i^ut^vieii:  ^iianuty  to  instantane- 
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ously  perform  the  whole  reaction,  and  both  the  sugar  and  the 
Fehling's  solution  are  actually  boiling  when  mixed.  Under  such 
conditions  the  proportion  of  copper  reduced  is  said  to  be  rigidly 
7Cu  for  CijHgjOii,  as  stated  above. 

The  experimental  details  by  which  the  above  equivalent  may 
be  ensured  are  as  follows : — The  solution  is  diluted  with  hot 
water  until  it  does  not  contain  more  than  0*1  per  cent,  of  milk- 
sugar,  and  the  liquid  is  brought  to  brisk  ebullition  in  a  large 
beaker.  A  very  slight  excess  of  boiling  hot  Fehling's  solution  is 
then  added, ^  and  the  whole  kept  boiling  for  three  minutes  and 
allowed  to  settle.  In  a  few  minutes  the  precipitate  will  have 
subsided,  so  that  the  slightly  blue  liquid  can  be  almost  wholly 
poured  oflf.  60  ac.  of  boiling  water  are  then  poured  on  the  precipi- 
tate, the  liquid  rapidly  filtered,  and  the  precipitate  washed  with 
boiling  water  tiU  free  from  any  trace  of  free  alkali  Muter  then 
moistens  the  precipitate  with  two  drops  of  petroleum  spirit,  drys 
it  in  a  water-oven,  and  weighs  as  CujO,  but  it  is  evident  that  any 
of  the  alternative  methods  of  after-treatment  may  be  substituted 
for  the  direct  weighing  of  the  cuprous  oxide.  Muter*^  plan 
involves  the  necessity  of  using  a  weighed  filter,  which  is  apt  to 
suffer  from  the  action  of  the  strongly  alkaline  liquid. 

From  the  number  of  cubic  centimetres  of  Fehling's  solution 
employed,  the  weight  of  milk-sugar  in  grammes  can  be  found  by 
multiplying  by  0*006786.  Or,  from  the  weight  of  copper  or 
copper  oxide,  the  milk-sugar  can  be  deduced  by  the  factors  given 
in  par.  538. 

In  estimating  the  sugar  in  milk  by  Fehling's  solution,  the  liquid 
should  first  be  curdled  by  warming  with  a  few  drops  of  acetic  acid 
and  the  filtrate  boiled  to  coagulate  albumin.  The  liquid  is  again 
filtered,  and  neutralised  with  soda  before  adding  the  copper  solution. 
Stephens  and  Kingzett  estimate  the  sugar  in  milk  volumetrically 
without  removing  the  albuminoids  (AncUysf,  x.  30). 

Stokes  and  Bodmer  have  proposed  to  determine  milk-sugar  by 
treating  the  curdled  and  filtered  milk  with  Pavy's  ammoniacal 
cupric  solution  (see  par.  539),  which,  however,  they  prefer  to 
prepare  with  400  c.c.  of  strong  ammonia  per  litre.  The  cupric 
oxide  reducing  power  of  hydrated  milk-sugar  for  this  solution  is 
52  per  cent,  of  that  of  glucose  for  the  same  liquid.  The  reduction 
of  Pavy's  solution  by  milk-sugar  requires  time,  so  the  process  must 
not  be  too  hurriedly  conducted. 

657.  The  estimation  of  cane-sugar  in  presence  of  milk-sugar, 
which   is   required   in   the   analytical  examination  of   sweetened 

^  It  is  evident  that  the  measure  of  Fehling's  solution  required  must  be 
approximately  ascertained  by  pievious  trials. 
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condensed  milk,  may  be  effected  by  comparing  the  optical  actirilj 
of  the  original  liquid  (clarified)  with  that  of  which  has  been  treated 
with  invertin  (par.  563), 

Stokee  and  Bodmer  have  recently  deecribed  {Analygt,  vol  x.) 
u  method  of  estimating  cane-eugnr  in  presence  of  milk-eugar  baaed 
on  the  following  priuciplea : — Coagulation  of  the  milk  by  citric  acid, 
dilution  to  ten  times  its  original  volume,  tUtratioo,  and  titration  of 
a  portion  of  the  filtrate  with  Pavy'a  ammoniacal  cupric  solution  w 
already  described  To  100  ex.  of  the  same  Filtrate  2  grammes  of 
nitric  acid  should  be  added,  the  hquid  boiled  for  ten  minutes,  cooled, 
neutralised,  made  up  to  200  cc,  and  titrated  with  the  cupric  solu- 
tion as  before.  The  difTerenee  between  the  reducing  powers  of  the 
solutions  before  and  after  inversion  is  due  to  the  glucose  deiimd 
from  the  cane  Bugar  present,  the  milk-sugar  not  being  inverted  bj 
boiling  with  citric  acid. 

658,  In  sour  milk,  the  lactose  is  converted  into  an  equal 
weight  of  lactic  acid.  This  mny  be  detenuined  by  titration  with 
standard  alkali  and  phenoUphthaleui,  and  the  amount  so  fomtd 
added  to  the  lactose  found  by  Fehling's  solution  to  obtain  tlw 
quantity  of  milk-augur  which  existed  in  the  fresh  milk. 

659.  GLtrCOSES. 

The  class  of  sugars  knoira  as  glucoses  have  the  composition 
expressed  by  the  formula  CgUj^Og.  Their  generic  and  specific 
characters  are  described  in  the  tables  on  page  190  et  »eq. 

With  the  exception  of  the  two  species  of  glucose  produced  by 
the  inversion  of  cane  sugar,  the  characters  and  reactions  of  which 
are  discusBed  in  tlw  faUowiiig  sections,  the  glucoses  are  of  little 
importance. 

660.  Detection  and  Determination  of  Oluoosea. 

All  the  principid  species  of  glucose  are  very  similar  to  each  other 
in  their  leading  chemical  properties,  though  exhibiting  differenoet 
in  certain  minor  respects  and  in  their  physical  characters.  The 
chief  points  of  distinction  between  dextrose  and  Ifevulose  are  stated 
on  page  290,  while  the  deBcription  in  par.  685  sufficiently  chu^ 
acteriaes  galactose.  As  a  class,  the  glucoses  are  distinguished  from 
other  sugars  (1)  by  not  being  susceptible  of  inversion;  (2)  by 
the  readiness  with  which  they  enter  into  fermentation  with  yeas^ 
and  by  the  proportion  of  alcohol  yielded  by  femjentation  ;  (3)  by 
their  behaviour  with  alJcaliea ;  and  (4)  by  the  readiness  with  which 
they  undergo  oxidation  by  alkaline  solutions  of  copper.  The 
reduction  of  a  somewhat  acid  solution  of  cupric  acetate  is  espedally 
characteristic  of  the  glucoses  (compare  par.  Vi47). 

A  number  of  other  liquids  besides  solutions  of  copper  are  lednoed 
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by  the  glucoses,  and  more  or  less  by  maltoee  aud  milk-siigaralso.  Thus, 
in  alkalitie  solution,  these  sugars  reduce  blue  indigo  to  white  indigo, 
picric  acid  to  picmmic  acid,  ferricyanidisH  to  ferrocyanides,  mercuric 
cyanide  and  Nesaler's  solution  to  metallic  mercury,  and  ao  forth. 

The  determination  of  glucoses  ia  usually  baaed  on  their  reducing 
action  on  Fehling's  solution,  supplemented  by  obserration  of  the 
optical  activity  and  specific  gravity  of  their  solutions.  Tlie  details 
of  the  methods  in  -which  these  principles  are  utilised  are  fully 
described  in  other  sections. 

661,  The  Examination  of  Ubinb  for  GLUCoas  is  of  consider- 
able importance,  as  the  preaenco  of  dextrose  in  sensible  quantities 
in'the  urine  is  a  constant  symptom  of  the  disease  known  as  dialxitai 
vieHitnn.  Diabetic  urine  ia  usually  of  high  density,  often  reaching 
1040,  pale  in  colour,  and  apt  to  froth  on  agitation.  Occasionally 
it  is  almost  a  pure  solution  of  dextrose.^  The  proportion  of  sugar 
in  diabetic  urine  may  be  determined  approximately  by  the  polari- 
meter,  but  the  results  are  deficient  in  Accuracy  owing  to  the 
presence  of  other  optically  active  bodies.  On  the  whole,  the 
processes  based  on  the  reduction  of  metallic  solutions  by  the  glucose 
give  the  best  results,  the  solution  most  generally  employed  being 
that  of  Fehling.  Before  applying  the  teat,  it  is  desirable  to 
remove  albumin,  if  present,  by  heating  the  slightly  acid  or  acidified 
urine  to  boiling,  and  filtering  from  any  precipitate.  The  liquid 
should  then  be  rendered  distinctly  alkaline  by  caustic  soda  or 
potash,  filtered  from  any  precipitate  of  phosphates,  ifcc,  and  the 
copper  solution  then  employed  in  the  following  manner : — 

Heat  to  boiling  in  n  test-tube  !0  c.c.  of  Felding's  solution, 
prepared  in  the  usual  way,^  previously  introducing  a  few  small 
fragments  of  clay  tobacco-pipe  to  prevent  bumping.  "When 
boiling,  odd  J  to  I  c.c.  of  the  urine,  previously  tieatod  us  in- 
dicated above.  If  sugar  be  abundant,  as  in  a  decidedly  diabetic 
urine,  a  yellowish  or  brick-red  opacity  and  deiwsit  will  b©  pro- 
duced. If  a  negative  reaction  is  obtained,  test  for  traces  of  sugar 
by  adding  7  cc.  or  8  c.c.  of  the  urine  to  the  hot  liquid,  heating 
again  to  ebullition,  and  then  setting  tlie  tube  aside  for  some  time. 
If  no  turbidity  is  produced  as  the  mixture  cools,  the  urine  is  either 
qiute  free  from  sugar,  or  at  any  rate  contains  less  than  0'026  per 
cent.      If  the  qiutntity  of  sugar  present  is  small — that  is,  under 

1  It  la  iloubtful  whether  tlie  dextro-glucose  cantained  in  diabL-tic  urine  ii 
ordinary  aucro-deitrosB  (compare  par.  677). 

*  It  ia  abaolately  cssecitial  that  the  FehJing'a  solutioii  used  ahoold  retnuB 
perfectly  clear  wbaD  diluted  with  its  own  voluma  of  irator,  and  boiled  for  a 
fetr  minates,  If  prepared  as  directed  in  par.  530,  no  dilEunlty  will  be  experi- 
enced in  UiiB  respect. 
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0*5  per  cent. — the  precipitation  of  the  yellow  or  red  caprooB  oxide 
does  not  take  place  immediately,  but  occuis  as  the  liquid  cools, 
the  appearance  being  somewhat  peculiar.  The  liquid  first  loses 
its  transparency,  and  passes  from  a  clear  bluish>green  to  an  opaque, 
light-greenish  colour.  This  green  milky  appearance  is  quite 
characteristic  of  dextrose. 

By  applying  the  above  test  quantitatively  (see  par.  537),  the 
determination  of  glucose  in  urine  may  be  readily  effected ;  but  it 
must  be  borne  in  mind  that  traces  of  glucose  are  found  normally, 
or  at  least  very  commonly,  in  urine,  and  hence  too  great  a  stress 
should  not  be  laid  on  the  presence  of  an  insignificant  propor- 
tion. 

662.  Pavy's  solution  (see  par.  539)  may  also  be  used  for  the 
determination  of  the  glucose  in  diabetic  urine,  though  it  cannot  be 
employed  for  the  detection  of  small  quantities  of  the  sugar. 
Miiller  and  Hagen  determine  the  sugar  volumetrically  by  Knapp's 
mercurial  solution  (par.  541),  which  has  the  advantage  of  being 
applicable  to  samples  of  urine  containing  as  little  as  0*1  per  cent 
of  glucose,  while  Feliling's  solution  cannot  be  applied  quanti- 
tatively in  the  ordinary  manner  if  less  than  0*5  per  cent  of 
dextrose  be  present,  owing  to  the  incomplete  separation  of  the 
cuprous  oxide  in  presence  of  certain  obscure  foreign  matters  con- 
tained in  urine.  ^  Knapp's  method  has  the  advantage  of  being 
applicable  in  all  cases,  and  the  standard  solution  undergoes  no 
change  on  keeping.  Albumin  should  be  removed  before  titration, 
by  heating  the  urine  to  boiling,  and  filtering. 

ladies  other  than  glucose,  capable  of  reducing  both  Fehling's 
and  Knapp's  solutions,  are  sometimes  present  in  urine,  but  their 
exact  amount  and  nature  are  not  known. 

663.  To  render  urine  fit  for  the  application  of  Fehling's  solution, 
Camelutti  and  Valente  recommend  that  100  cc.  of  the  sample 
should  be  evaporated  to  a  syrup  on  the  water-bath,  1  c.c.  of  a  25 
per  cent,  solution  of  zinc  chloride  previously  mixed  with  one- 
fourth  of  its  volume  of  hydrochloric  acid  is  added,  then  two 
volumes  of  absolute  alcohol,  and  the  whole  allowed  to  stand  for 
some  hoiu*s.  The  liquid  is  then  filtered,  the  residue  washed  with 
alcohol,  the  alcohol  evaporated  from  the  solution,  and  the  residual 
liquid  made  up  to  100  c.c.  with  distilled  water.     In  this  solution, 

^  J.  6.  Otto  recommends  that,  for  titrating  solutions  containing  1  to  ^  per 
cent  of  glucose,  the  Knapp's  solution  should  be  diluted  with  4  volumes  of 
water,  for  those  0  '5  to  0  '1  per  cent  of  glucose  with  3  volumes  of  water,  while 
for  solutions  containing  less  than  0*1  per  cent.,  2  volumes  of  water  should  be 
added.  In  all  cases,  the  urine  should  be  added  gradually  to  the  mercurial 
solution. 
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excellent  estimations  of  the  glucose  are  said  to  be  obtainable  by 
Fehling's  solution. 

664.  Dextrose.  Dextro-glucose.  Sucro-dextrose. 

French — Sucre  de  raisin.     German — Traubenzucker. 

This  species  of  sugar,  often  called  simply  "glucose,"  and  also 
known  as  "starch-sugar,"  may  be  produced  in  various  ways,  of 
which  the  following  are  the  chief : — 

a.  By  the  hydrolysis  of  starch,  dextrin,  cane  sugar  (together 
with  iBBVulose),  or  some  gimis,  by  means  of  dilute  acids,  diastase, 
or  invertin. 

b.  By  treating  linen  rags  or  similar  vegetable  matter  with 
sulphuric  acid. 

c.  By  decomposing  the  so-called  glucosides  {e,g,,  salicin, 
gallotannic  acid,  amygdalin,  phloridzin,  &c.),  by  treatment  with 
-dilute  acids  or  certain  ferments.^ 

665.  Dextrose  occurs  ready-formed,  together  with  laBVulose,  in 
honey  (see  par.  714).  It  is  also  said  to  occur,  unmixed  with 
IsBvulose  or  cane  sugar,  in  diabetic  urine.  (See  footnote  on  page 
286). 

Dextrose  is  found  ready-formed  in  various  fruits,  Isevulose  and 
<iane  sugar  being  also  present  as  a  rule.  The  proportion  of  dextrose 
in  grapes  is  as  high  as  15  per  cent. 

666.  Dextrose  usually  crystallises  from  its  aqueous  solution  in 
granular,  hemispherical,  warty  masses  or  tabular  crystals,  containing 
CgHj20g+H20,  but  hot  concentrated  solutions  often  deposit  anhy- 
■drous  dextrose  in  prisms.  By  crystallisation  from  hot  methyl  alcohol 
the  anhydrous  sugar  is  obtained  in  transparent  prismatic  crystals. 
The  hydrated  glucose  becomes  anhydrous  below  100°  C.  Dextrose 
melts  at  146°,  and  at  about  170°  C.  loses  water  and  is  converted 
into  glucosan,  C^j^Og,  and  at  higher  temperatures  yields 
caramel.  Dextrose  is  less  soluble  than  cane  sugar  in  cold  water, 
requiring  1 J  times  its  own  weight,  but  it  dissolves  in  all  propor- 
tions in  boiling  water,  forming  a  syrup  of  a  sweetening  power 
inferior  to  a  solution  of  cane  sugar,^  or  one  of  bsvulose  of  the  same 
strength. 

667.  Considerable  discrepancies  exist  in  the  determinations  of 
the  specific  rotatory  power  of  dextrose  as  ascertained  by  different 

^  The  dextro-rotatory  glucoses  obtained  by  the  action  of  dilate  acids  on  the 
glucosides  are  generally  assumed  to  be  identical  with  sucro-dextrose,  or 
grape  sugar,  but  the  researches  of  Hesse  and  others  have  thrown  consider- 
able doubt  upon  the  accuracy  of  this  view  (see  par.  677). 

'  According  to  Behr,  three  parts  of  cane  sugar  possess  the  same  sweetening 
power  as  five  of  dextrose. 
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observers.  In  certain  cases  it  is  even  doubtful  whether  the  re- 
corded numbers  apply  to  anhydrous  or  to  crystallised  dextrose. 
The  following  table  shows  the  value  of  S0  and  Sj  ^  for  anhydrous 
dextrose,  according  to  the  observations  of  various  chemista  The 
figures  refer  to  a  solution  which  has  been  either  heated  or  kept  for 
some  hours,  a  freshly-prepared  solution  of  dextrose  in  cold  water 
having  a  rotatory  power  about  twice  as  great  as  that  shown  in  the 
table.  The  values  printed  in  prominent  type  are  those  obtained 
by  direct  observation ;  the  others  by  calculation,  on  the  assumption 
that  Sj  =  SdX1'11.  The  figures  having  H.  affixed  are  obtained 
by  calculation  from  the  observed  rotation  of  the  hydrated 
dextrose : — 


Appabent  Specific  Botatobt  Power  of  /i  Modification  of  Dextbo- 
Glucose  in  Aqueous  Solution,  as  determined  by  diffbbbnt 
Observers. 


Value  for  Anhydrous  Sugar  of 

Concentration 

Source  of  Sugar. 

of  Solution 
employed. 

Observer. 

S»  or  [a]o. 

Sior[a]i. 

f 

+  60-5 

+  56  0^ 

? 

Berthelot 

1 

617 

574 

? 

B^hamp. 
Brown&Heron. 

Sucrose, . 

52-9 

58-65 

6-10 

51-9 

57-6 

? 

O'Snllivan. 

I 

61-3 

57-0 

i 

Schmidt. 

1 

52-87 

68-13 

2{ 

ToUens. 

6274 

68-64 

10 

f  > 

Starch,    . 

52-99 

68-82 

174 

tt 

52-84 

68-66 

? 

Soxhlet 

V. 

52-70 

68*60 

10 

Salomon. 

Diabetic  urine, 

56-4 

62-6 

4-5-26 

Hoppe-Seyler. 

Starch,    . 

51-67 

67-8 

8 

Hesse. 

51-61  (H.) 

52-2 

12 

6216 

67-9 

3 

Grapes,  .        .  J 

51-80 

67-5 

? 

Honey,   .        .  J 

60-97  (H.) 
517 

66-6 
67-3 

12 
? 

Salicin,  .        .  | 

61-8 

67-4 

2i-12 

52-4    (H.) 

68-2 

12 

,  Amygdalin,     . 

64-2    (H.) 

60-1 

2 

Phloridzin, 

487    (H.) 

48-6 

6 

It  will  be  seen  from  these  results  that  it  is  very  doubtful 
whether  the  dextro-glucoses  obtained  from  diabetic  urine  and  from 
some  of  the  glucosides  {e,g,^  phloridzin)  are  identical  with  the 
sucro-dextrose  from  starch,  honey,  or  grapes.     Even  then  there  is 

^  For  an  explanation  of  these  symbols,  see  par.  60. 
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tonaiilerable  variation  in  the  values  of  different  obsetrera,  possibly 
owing  to  certain  of  the  observations  Laving  been  made  on  freshly- 
lirepared  wlutioiiH.  For  practical  purposes,  the  value  of  St.  for 
iinhydrouH  dextrose  may  be  taken  iit+62''"7,  (vhicli,  multiplied  by 
I'llO,  giveB+58'5  as  the  value  of  Sj, ' 

668.  Dextrose  is  not  affected  by  heating  for  a  moderate  time 
with  dilute  acids.  Prolonged  treatment  is  said  to  result  in  the 
formation  of  products  having  the  probable  formula  CgHjjO^ 

If  dextrose  be  heated  with  a  solution  of  caustic  alkali  the  liquid 
rapidly  atquires  a  yellow  or  brown  coloxir,  and  on  continued  heating 
a  hnmns-like  substance  separates. 

A  solution  of  dextrose  dissolves  the  alkaline  earths,  forming 
yellow  solutions  precipitated  by  alcohol.  By  boiling  with  excess 
of  iime  dextrose  is  rapidly  acted  on  and  destroyed. 

The  action  of  alkalies  and  alkaline  earths  on  dextrose  is  described 
more  fiUly  in  par.  522. 

Dextrose,  when  pure,  is  not  precipitated  by  neutral  or  basic 
lead  acetate,  but  gives  a  white  precipitate  with  an  anunoniacal 
solution  of  normal  lead  acetate. 

The  reaction  of  dextrose  with  alkaline  solutions  of  copper  and 
.other  reducible  metallic  solutions  is  described  in  par.  527  rt  geq. 

When  heatpd  with  oxide  of  silver  and  water,  dextrose  yields 
glycolHc,  oxalic,  and  earljonic  acids,  but  not  acetic  acid. 

By  the  action  of  nascent  hydn^n  dextrose  is  converted  into 
mannito    or  mannitol,  CgH^Og. 

When  quite  pure,  dextrose  is  not  reailily  charred  by  concentrated 
sulphuric  acid,  but  combines  with  it  to  form  an  acid-ethereal  salt, 
decomposed  by  water. 

"With  tartaric,  bcnioic,  stearic,  butyric,  acetic,  and  other  oi^ganic 
acids,  dextrose  combines  to  form  oily  or  aniorplious  solid  pro- 
ducts, sparingly  sohibto  in  water,  but  dissolved  by  alcohol  and 
ether. 

Other  properties  and  reactions  of  dextrose  are  described  in  tlie 
tables  on  pages  100  and  234.  The  reactions  wliich  distinguish 
dextrose  from  Iseviilosc  are  given  in  ]iiir.  680. 

669.  Laevulose.    Sucro-lEevulose.    Lsevo-glucose. 

Frtmdi. — L<5vuloae.  Chyliarose.     Grrmaii. — Linkafruchtiuckcf, 


This  species  of  glut 
with  dextrose  in  h  o  i 


se,  often  called  "  fruit-sugar,"  occurs  together 
0  y,  and  many  fruits,     A  variety  of  lieMdose 


>  Tolleoe  {Ber.,  xvii.  2234)  gives  tLu  followiiig  formola  for  oilcalatiog 
th«  ipecilic  rotation  of  dextrose  in  solution  :—SB-&2''GQ-f  0-DIS796c-f 
b'O0OSl(t83c>. 
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18  produced  by  the  action  of  dilute  aeida  on  i  n  u  1  i  n,  which  iB 
probably  identical  with  sue  to-Ubvii lose.  Lcevulogo  is  obtained, 
together  with  an  equal  weight  of  dextrose,  by  the  action  of  dilate 
ocitU,  diastase,  or  invertiti  on  cane  a  u  g  a  r.  L«vulofte  is  not  a 
product  of  the  uction  of  dilute  aciils  on  any  known  glucoside. 

When  cane  sugar  is  heated  to  165°— 170°  C,  for  some  time  it  ia 
i«nTert*'d  without  change  of  weight  into  a  mixture  of  dextrose  and 
1  £B  V  u  1  o  s  a  n,  C^K^fi^  On  dissolving  the  product  in  water  and 
treating  the  solution  with  yiiast,  tlic  dextrose  ferments  and  the 
unfcrmentable  lavuloaan  remains,  and  can  be  converted  into  Isrulose 
by  l>oiling  with  dilute  acid. 

670.  The  principal  physical  and  chRniical  properties  of  IibvuIor^ 
are  described  on  p.  190.  It  presents  a  close  general  reaemblanctt 
to  dextrose,  the  following  being  the  chief  differences  of  analytical 
value : — 

a.  Lievulosc  is  not  readily  crystallisable  (Cmi/p.  ivnii.,  xciiL 
547),  and  is  more  soluble  in  nlcohot  than  dextrose. 

b.  The  aqueous  solution  of  leevnloae  is  much  sweeter  than  one 
of  dextrose^  and  somewhat  sweeter  than  one  of  cane  sugar  of  the 
same  strength. 

c.  Mixed  in  ice-cold  5  per  cent,  solution  with  120  per  cent  of  its 
weight  of  fine-powdered  slaked  lime  (which  sliould  l>o  added  gradu- 
ally, the  vessel  being  immeraed  in  ice-cold  water),  a  milky  liquid 
ia  obtained,  which  gradually  becomes  pasty  from  the  formation  of 
a  difBcultly-BoIuble  calcium  lievulosate,  CaO,CnHijU5,HjO, 
while  dextrose  on  similar  treatment  yields  a  freely  soluble 
compound,'  wliieh  can  be  separated  by  filtration  through  linen. 
The  residue,  after  being  washed  and  strongly  prease<i,  may  he 
suspended  in  water  and  decomposed  by  oxahc  or  carbonic 
acid,  when  a  solution  of  pure  Itevidose  is  obtamed,  which  yields 
anityrlrons    Isevulose    by    eTrt[«nition    in    vamo    over    sulphunc 

d.  The  respective  reducing  actions  of  dextrose  ajid  UevtUoee  on 
Fehling's  copper  solution  are  usunJIy  aaaunieil  to  be  identical 
According  to  Soxhlet,  however,  the  reducing  action  of  the  foimer 
is  sensibly  greater  than  that  of  the  latter  (see  par.  545).  Allihr 
states  that  the  reducing  action  of  dextrose  and  lievulosc  are  ide&ti- 
caI  if  care  lie  taken  to  continue  the  boiling  of  the  solution  for  half 
an  hour. 

f.  The  reducing  action  of  dextrose  on  Knapp's  mercurial  solution 
is  sensibly  the  same  as  tliat  of  Isevulose,  hut  the  latter  glucose 

'  If  invert  sn^r  or  haimy  is  to  be  treated  for  Iravulosp,  tlie  proportions  of 
lime  and  v&ter  must  be  modiliefl  «c(?ordiiigly  :  10  parte  of  invert  sngar,  6  of 
s'likrd  lime,  and  100  itf  wnlfr  arc  then  tlie  right  proportione. 
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exerts  n  (ar  strouger  reducing  action  on  tlie  Bolutiou  of  Sachaae, 
equal  amounts  of  the  dextrose  and  IibvuIobb  reducing  100  and 
148'6  c.c.  of  Sachase's  eohition  reapectively  (aae  par.  543), 

/.  When  a  solution  of  dextroae  is  heated  with  bromine  water, 
and  the  liquid  then  treated  with  silver  oxide  (care  being  taken  to 
avoid  excess  of  the  latter),  glucnnic  acid,  HCgH^Oj,  is 
formed,  which  may  l>e  obtained  as  a  ayrup  on  evaporation.  If 
slaked  lime  he  added  in  excess  to  its  lukewarm  solution,  and  ttie 
liquid  filtered  and  heated  to  boiling,  the  acid  is  almoat  completely  pre- 
cipitated aa  a  basic  calcium  gluconate.  When  IjEvuloae 
is  similarly  treated  with  bromine  water  and  oxide  of  silver  it 
yields  glycollic  acid,  HCjHgOj,  the  talcium  salt  of  which 
crystallises  in  silky  needles,  which  are  more  soluble  in  hot  water 
than  in  cold.  Digestion  with  excess  of  argentic  oxide  converts 
gluconic  into  glycoUic  acid. 

g.  The  specific  rotatory  power  of  Irovulose  is  ~  SS'^S  for  the  D 
line  at  15°  C,  decreasing  by  0'G385  degree  for  each  increase  of 
1°  C.  in  the  temperature  At  87°'2  C,  the  rotation  la  —  52°'7, 
being  equal  to  that  of  dextrose  at  the  same  temperature,  but  in  the 
opposite  direction. 

671.  The  change  iu  the  optical  activity  of  Isevulose  by  increase 
of  temjMjrature  affords  a  means  of  detormiuing  it  hi  the  presence  of 
other  sugars.  For  this  piirpoae,  the  aolution,  previously  clarified, 
if  necessaiy,  and  not  too  dilute,  is  carefully  neutralised,  and  the 
rotatoty  power  observed  iu  a  tube  round  which  a  current  of  ve^ 
cold  water  is  caused  to  circulate  by  an  arrangement  similar  to  that 
of  a  Liebig's  condenser,  having  an  orifice  for  the  insertion  of  a 
thermometer.  The  rotation  and  temperature  having  been  noted,  a 
current  of  hot  water  is  passed  round  the  tube  until  a  constant 
temperature  is  attained,  when  the  rotation  and  temperature  are 
t^ain  observeiL  If  an  instrument  employing  sodium-light  has 
been  used  and  the  observation  made  in  a  2-dccimetre  tube,  the 
number  of  grammes  of  Itevulose  m  100  c.c.  of  the  solution  may  be 
found  by  the  following  nile  ; — Subtract  the  temperature  of  the 
cold  water  observation  from  that  of  the  hot  water ;  multiply  the 
difference,  expressed  in  centigrade  degrees,  by  1"277;  then  the 
product  divided  into  100  times  the  thange  in  rotation  by  increase 
^Htf  temperature  (expressed  in  circular  degrees)  gives  the  number  of 
^^Hpnunes  of  Isvulose  in  100  c.c  of  the  solution.' 

^^^^  Suppose  thikt  tLc  solntion  nt  4°  C.  caused  a  rotation  of  -IBK)  circnUr 
degrcei ;  and  at  98°  C,  tho  circular  rotatiou  was   -  10°-B.     The  ilifforenc 
lempenitnre  is  S)2°  C.  and  that  in  optical  activity  a"'5.     Then  by  the  mlo    1 

8-5x100         850 
giieniutlie  text:— p2^^2^-jjy7^j  =  7'21  grammBS  lievulose  per  100  c&    , 
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672.  Invert  Sugar. 

Frew,h — SHfitc  intorverti.  German — Kriiiticl -sucker. 
Invert  Bugar  exists  Inrgely  in  lioney,  molssses,  and  many  fniiU. 
It  is  a  mixture  of  equivalent  proportions  of  dextmso  and  l»\-uIose, 
produced  by  the  action  of  heat,  diastase,  acids,  sails,  or  other 
ngents  on  cane  su^ar  aiid  some  of  its  isomers.'  The  conditians 
most  favourable  for  its  formatioti  have  been  already  deacribed 
(par.  602  et  geij.) 

673.  Invert  sugar  is  an  unctyatallisablo  Byruji  having  a  sweeter 
taste  than  cane  sugar.  In  its  chemical  reactions  and  optical  pro- 
perties it  behaves  strictly  as  a  mixture  of  dextirise  and  Ifevulose. 

By  treatment  with  lime,  in  the  manner  described  iu  par.  680, 
the  dextrose  and  lievuloae  of  invert  sugar  may  be  partially  separated. 
Leevulose  is  less  readily  fermentable  than  dextrose,  and  hence 
wheu  a  solution  of  moist  sugar  is  tre-ated  with  yeast,  the  dextrose 
diaappwiTs  first. 

674.  Invert  sugar  is  now  made  largely  for  brewers'  use,  being 
sold  under  the  names  of  "invert"  or  "  inverse  sugar,"  "saccharum," 
"  lualt-sacciiannn,"  &c.  Starch  sugar  and  cane  sugar  are  often 
addeiL  Tlie  analysis  of  eucfa  products  may  be  cifected  in  the 
same  manner  as  that  of  honey  (see  par.  725),  but  it  is  generally 
sufficient  to  estimate  the  sugar  by  Fehling's  solution  before  and 
after  inversion.  These  estimations  give  the  data  for  calculating 
the  cane  or  uninverted  sugar  of  the  sample  and  the  total  glucose^ 
without  distinguishing  between  the  dextrose  and  lavulose. 

675.  OalactOSe.     Lactose." 

When  milk  sugar  is  heated  with  dilute  stUphuric  or,  preferably, 
hydrochloric  acid,  it  undergoes  hydrolyais,  the  rotatory  power  of 
the  solution  increasing  from  52'7  to  67 'S.  The  jniiduct  of  the 
reaction  is  frequently  stated  to  be  lactose  or  galactose,  but 
it  is  now  definitely  proved  that  the  action  of  dilute  acid  on  milk 
sugar  really  results  in  the  formation  of  two  isomeric  glucoaea,  cor- 
responding with  sucro-<Ie\trose  and  sucro-lcevulosc.  In  the  case  of 
milk  sugar,  however,  both  of  the  resultant  glucoses  are  dextro- 
rotatory, and  their  freshly-prepared  solutions  exert  a  strong 
dextro-rotatoty  power  than  after  standing  or  heating.  The  com- 
plete separation  of  the  two  glucoses  is  difficult  to  effect,  but  one  of 

>  ilaumeQ^  regards  ordinary  invert  engsr  aa  a  . 
and  aa  opticRlly  inactive  sugar,  the  compoaition 
of  the  invereion. 

'  The  name  lactOM  h  sometimes  applied  to  milk-augar  itieU,  u  well  as  ta 
the  ghiGofle  resulting  from  its  hydroljsia,  a  jiTactice  wliich  baa  caused  same 
coiifasiun. 


cro-dextrnae, 
characterued   by 

DD  oxidation  with 
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them  has  been  satiafactorily  identified  with  a 
while  the  other,  or  galtictose  proper,  ' 
yielding  miicic  acid  instead  of  saccharic  act 
nitric  acid  (par.  496  id  meq.). 

676.  Galactose  is  less  sweet  than  cane  sugar.  By  reduction 
with  sodium  amalgam  it  yields  dulcite,  whilst  hy  heating  with 
bromine  water  it  is  converted  into  lactonic  acid,  CgH,oOg, 
which  forms  deliquescent  crystals,  and  yields,  when  warmeil  with 
excess  of  lime,  a  basic  salt,  which  separates  on  beating  the  liltercd 
liqnid  to  boiling  (compare  par.  670,/.). 

677.  A  Rindell  states  the  specific  rotatory  pi>wer  of  galactose  in 
10  per  cent,  solution  at  15°  C.  to  be  +  81'27  for  the  sodium  ray, 
and  for  calcidating  the  rotation  for  other  temperatures  and  con- 
centrations gives  the  following  formiila: — So=  +83'037  +  0'199c 
-(0-276--0025c)<.  The  mean  of  this  value  (-1-81-27)  and  the 
number  for  dextrose  (52'7)  gives  66'98  as  the  calculated  n>tation 
for  inverteil  (bydrated)  milk  sugar  against  67'50  nctuaUy  found. 

678.  Commercial  Glaoose.    Starch  Sngar. 

Under  the  names  of  glucose,  s  a  c  c  h  a  r  u  m,  g  r  (i  p  e 
sugar,  starch  sugar,  and  other  more  fanciful  cognomens, 
are  nmnufactured  and  sold  a  variety  of  starch-proilucta  in  which 
dextrose  is  the  leading  constituent  Commercial  glucoses  are 
employed  hy  brewers  as  substitutes  for  malt  and  cane  sugar,  hy 
Tinegar-makcra,  and  large  quantities  are  used  hy  manufacturers  of 
fancy-sugars,  sweetmeats,  and  presarves.  Table-syrups  are  also 
manufactured  from  starch  glucose,  and  honey  is  extensively  adul- 
terates! with  it.  In  America,  coffee-sugar  is  largely  mixed  with 
glucose,  and  the  same  sophistication  has  recently  been  practised  in 
this  country.  Starch  glucose  is  likewise  used  for  the  manufacture 
of  factitious  wine. 

679.  Commercial  starch  glucose  is  produced  hy  the  action  of 
dilute  acid  on  starch  or  starchy  matter,  or  occasionally  woody  fibre. 
In  America  it  appears  to  be  wholly  made  from  maize  starch,  but  in 
Europe  rice  and  potato  starch  are  frequently  used.' 

As  a  rule,  sulphuric  acid  is  used  as  the  converting  agent,  the  pro- 
portion employed  ranging  in  practice  from  1  to  3  per  cent.,  accord- 
ing to  the  kind  of  product  desired  and  the  details  of  the  subsequent 
manipulation.  The  starch,  or  amylaceous  substance,  is  either 
boiled  with  the  ocid  and  water  in  an  open  tank,  or  heated  with  it 
in    strong    copper   cylinders    under    high    pressure.     If   the    first 

'  It  is  not  <vrtain  tliat  the  produc^ts  thus  obtaitted  arc  strictly  ideaticnl  with 
tliOBe  liom  loai™  starch.  .1.  Frankul  has  published  (through  H.  C.  Ikinl  & 
Co.,  Philadelphia)  A  Prnrtital  Treatise  on  tht  Mm'ifacture  of  Starch  Sagar, 
baled  on  the  Gernian  of  L.  van  Wagner, 


294  VAKIETIGS  OF  STARCH   SUGAK,  ^^| 

method  be  adoptcil,  nud  the  procesB  arrested  as  hood  as  a  coU 
sample  of  the  liciuid  ceases  to  give  n  blue  colour  witli  iodini', 
the  prwluct  contaiua  a  large  proportion  of  dextrin  ;  but  if  high 
presBure  be  employed,  aiid  the  action  pushed  further,  dextrose  w 
the  chief  product.  In  either  mode  of  operating,  maltose  anil,  very 
(lommonly,  other  products  are  formed  in  addition  to  dextrose  and 
dextrin.  The  acid  is  next  neutralised  hy  addition  of  ctialk  or 
ground  marble,  milk  of  lime  being  added  to  remove  the  last 
tracea,  the  resultant  gypsum  allowed  to  settle,  the  liquiil  decolorised, 
if  necessary,  by  animal  charcoal,  and  evaporated  in  itteuo  till  it 
acquires  a  density  of  liOO  to  1420. 

680.  Oxalic  acid  is  said  to  be  substituted  for  sulphuric  add  by 
certain  firms,  tlie  resultant  calcium  oxalate  beinfi  more  insoluUs 
than  calcium  sulphate.^  A  smaU  quantity  of  hydrochloric  acid 
appears  to  be  employed  in  a  few  oases. 

681.  Starch  glucose  occurs  in  commerce  in  several  forms,  vary- 
ing from  the  condition  of  pure  anhydrous  dextrose,  through  in- 
ferior kinds  of  solid  sugar,  lo  tliu  condition  of  a  thick  eyrupy 
liquid  resembling  glycerin,  which  contains  a  large  proportioii  of 
dextrin.^ 

682.  A  great  uumber  of  so-called  analyses  of  commercial  atarcli 
sugars  have  been  published,  but  the  m^ority  are  vitiated  by  the 
employment  of  faulty  methods  of  analysis,  or  by  an  inaufficieut 
knowledge  of  the  coustituenta  of  starch  sugar.  Thus,  many 
analysts  give  only  the  proportions  of  dextrin  and  dextrose, 
the  latter  being  deduced  from  the  cupric  oxide  reilucing  power  of 
the  sample.  Such  a  mode  of  expression  is  gravoly  in  error  in  many 
cases,  since  it  ignores  the  presence  of  maltose,  which  is  a  veiy 
important  and  common,  if  not  a  constant,  constituent  of  products 
obtained  hy  the  action  of  dilute  acids  on  starch.*     Again,  many 

'  WliDD  the  conversion  is  atTected  by  Bulphurio  acid,  the  gluiMiHe  solution 
ntains  a  cooaidemble  quantity  ot  dissolvod  caUium  sulphate.  More  comi^sla 
aeparatioQ  occun  on  concentrating  the  liquid  to  a  density  of  nbout  1240,  and 
a  farther  depoHition  enaueB  irhon  the  sugar  is  remient«d.  The  calcium  anlphate 
mnj  be  very  complete!;  removed  by  treating  the  glucose  Bolutiou  with  buiom 
oxalate. 

-  In  America,  the  term  ''glucose  "  is  restricted  to  the  syrupy  pmjiaratioiu^ 
the  solid  products  being  distinguished,  as  "  grape  sugar."  The  following 
grades  am  recognised  ;— 

Jjiquid  P'ltrielifs. — Olacose,  miiingglucose,  miiinjf  syrup,  com  sjnip,  jelly 
glucose,  and  confectiouers'  crystal  glucose. 

Solid  Variftia.—SoM  giujie  sugsr,  clipped  grape  sugar,  gnu ulated  gripe 
sngar.  powdered  grape  sugar,  confectiouera'  grape  sugar,  brewurs'  grape  sugar. 

'  Allliough  the  total  percentage  oE  matter  useful  to  the  brewer  is  the  same 
whether  u  commercisl  glucooe  consist  wholly  of  dextrose  or  in  large  pari  of 
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specimens  of  sUrch  (^lucottc  coutaiii  ik  notable  percentage  of  u  n  - 
fermentable  carbohydrates,  apparently  produced 
by  over-treatment  witU  acid,  and  to  whicli  the  furmnla  CgH„Oj 
lias  been  attributed,  but  certain  of  which  ap^iear  to  be  identical 
with  the  boiiy  reueutly  descrilietl  by  Schmitt  and  Coblenil  {Ber., 
xvii  1000,  2456;  Jmr.  Chem.  &k.,  xlvi  981,  xtviii.  134),  under  " 
the  name  of  guUiatu. 

683.  Gallibin  was  prepared  by  fenuenting  a  30  per  cent,  solu- 
tion of  stareh  sugar  with  j'fjist  at  1 8"  to  20°  C.  for  five  or  six  days. 
The  resultant  liquid  was  filtered,  evaporated  to  a  nyrup  at  100°, 
and  ahakon  with  a  largt:  excess  of  absolute  alcohol.  The  syrup 
thickened  but  did  not  mix  with  the  ulcohol,  Tlic  alcohol  wan 
poured  off,  and  the  residue  shaken  with  a  fresh  quiwtity,  nnd  by 
repeating  this  process  the  unaltered  sugar  and  other  impurities  were 
removed,  the  syrup  being  tonverted  into  a  cnimbting  yetlowiflli 
ffrey  mass,  which  by  pounding  in  a  mortar  with  a  mixture  of 
equal  parts  of  alcohol  and  ether  wns  obtained  as  a  gray  powder. 
It  was  purified  by  solution  in  water,  boiling  with  freshly-ignited 
animal  charcoal,  filtering,  evaporating  to  a  syrup,  and  repeating 
the  treatment  with  alcohol  and  ether.  The  product  was  dried 
liver  sulphuric  acid  Thus  obtained,  (•allisin  is  a  white,  amorphous, 
HxtreuieJy  hygroscopic  powder.  It«  taste  is  at  firat  slightly  sweet, 
but  after  a  time  becomes  insipid.  Gallisin  is  readily  decomposed 
by  heat,  giving  ofF  water  and  carbon  diosidf  even  at   100.°     It  is 

nikltow,  the  gualiiy  of  the  material,  as  measured  bj  the  chatOLtet  uf  the  beer 
produced,  h  very  diffprent,  berr  brawid  from  maltose  beiug  greiitly  auperior  to 
a  fftucoie  beer.  The  latter  ia  apt  to  be  thin  and  deficient  in  head,  very  clean, 
nnd  of  a  vinous  character.  Maltose  gives  a  beer  of  full  body,  )cood  head,  soft 
and  creamy  ou  the  pulate.  It  keeps  well,  snil,  owing  to  the  gradual  aftoc-fer- 
meotation  which  occurs,  uontiuues  brisk  and  ajiarkUog.  These  remarks  apply 
to  beer  brewed  from  acid-made  maltose,  aa  well  as  to  malt-brewed  beer. 

On  aci'ount  of  the  saperiority  of  tiialtose  over  dextrose  as  a  brewing  material, 
it  is  desirable  to  limit  the  action  of  the  dilute  acid  osed  for  converting  the 
■birchy  matter.  In  practice,  it  is  found  that  a  mixture  of  two  parts  of  maltose 
■nd  one  of  dextrin  ia  the  most  genersUf  suitable  for  brewers'  purposes.  This 
product,  which  haa  becu  iutroduced  under  the  name  of  "  dextrin  .maltose,"  is 
obtained  if  the  action  of  the  acid  be  arrcatt'd  when  the  specific  rotatory  power 
of  the  solids  boa  decreased  to  about  -t-171°  for  the  trausitiou-tiut,  or  -H  151* 
for  the  sodium  ray.  Tlie  vnliit.'  of  K  for  the  solid  matter  sliould  be  about  12. 
The  proportion  of  solids  present  is  ascerUiued  by  removing  the  sulphuric  acid 
by  ■  slight  excess  of  bary  ta-water  and  taking  the  density  of  the  salnClon 
(par.  488). 

The  dextrin  of  brewers'  glucose  is  of  value  for  giving  "  body"  to  the  b«er. 
A  smaller  proportion  is  requited  for  running  ales  than  for  heavier  or  "  stock  " 
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reailily  sulnble  in  water,  nearly  insoluble  in  absolute  alcohol,  and 
hut  slightly  mote  boIuWb  in  methyl  nlcohol,  in  which  respect  it 
differs  from  dextrose.  It  dissolves  in  a  iKriling  mixture  of  alcohol 
and  glncial  acetic  ncid,  but  is  insoluble  in  ether,  chloroform,  ot 
hydrocarbons, 

684.  Unllisin  is  atate<l  to  have  the  composition  CjoHj^Ojg.  Ita 
concentrated  aqueous  solution  is  distinctly  acid  to  llliuiis,  and  a 
sparingly  soluble  barium  compound  may  be  obtained  therefrom  1^ 
adding  alcoholic  bacyto.  Gallisin  iieduces  nitrate  of  silver  on  heat- 
ing, esi)ecially  on  addition  of  ammonia,  reduces  bichromate  and  per 
monganate,  and  precipitates  hot  Fehling's  solution.  Its  cupric 
oxide  reiluciug  jtower  is  stated  to  be  4G'6.  Knupp's  mercurial 
solution  ia  also  reduced  by  gallisin. 

686,  tiallisin  is  dextro-rotatory,  the  value  for  Sn  being  stated 
to  be  +80'-l  in  27  per  cent.,  +82°-3  in  10  i^r  cent,  and  8i°-9 
in  1  '6  per  cent  solutions. 

By  heating  with  dilute  sulphuric  acid  for  some  hours,  goUisin 
yields  a  large  pro]>ortion  of  destruse,  but  its  complete  conremon 
has  not,  so  far,  been  effected. 

686.  The  presence  of  an  unfemientable  carbohydrate  in  staich 
sugar  was  long  since  pointed  out  by  O'Sullivan,  and  Neubauer  has 
descrilted  two  such  bodies  of  little  reducing  power,  one  of  which 
was  soluble  in  alcohol,  and  biwl  a  dextro-rotatory  power  of  +  "8°, 
while  the  other  was  not  dissolved  by  alcohol,  and  had  a  rotation 
value  of  80= +93°. 

687.  It  is  doubtAiI  whetlier  "gallisin,"  as  hitherto  obtained,  is 
really  a  definite  compound,'  hut  the  possibility  of  isolating  a  reduo- 
ing  or  optically  active  body  from  the  liquid  left  after  fenuentiug 
solutions  of  many  specimens  of  starch  sugar  cannot  t>e  ignored  in 
considering  the  composition  of  commercial  glucose.  It  is  probable 
that  the  proportion  of  unfenuentable  matter  lias  been  exaggerated, 
and  O'Sullivan  states  that  starch  sugar  manufactured  by  the  quick- 
action  process,  using  high  pressure,  contains  very  little,  if  any,  of 
such  unfermentable  carbohydrates. 

688.  According  to  Nessler  (Z<™/«.  Anal.  Clietii.,  kx.  466),  starch 

'  The  valne  ot  the  rpsearrhes  on  gaUiniii  b;  Schmitt  and  CobleDitl  is  dia- 
counted  by  their  giving  a  [iroi^eBs-  for  nnnlysing  cammorcial  starcb  sugar  in 
vrbich  the  cuprite  oxide  reducing  {>ower  or  the  sninplo  is  asaumed  to  lie  wholly 
doe  to  dextrose  nod  nallisin.  For  all  that  apjwarH  in  their  rcseoicliea  they 
might  be  ignoraot  or  the  existence  of  maltose,  though  the  process  employed 
for  the  preparation  of  ^lliaiii  would  not  improbably  lead  to  its  conttuninatiaii 
with  inaltoae  if  any  oF  that  sugar  had  esoaped  feriLientation.  A  mixture  of 
ranch  maltose  with  n  non.redncinjf  substanco  of  comparatively  low  rotatory 
power  would  give  values  for  K  and  S  similar  to  thoae  attriboted  to  ffU-lima. 
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sugar  is  liable  to  contain  an  iinfennentable  body  capable  of  produc- 
ing unpleasant  symptoms  when  taken  internally.  His  conclusions 
have  received  some  confirmation  from  Schmitz,  Kedsie,  and  others. 
The  subject  has  been  investigated  by  von  Mering,  who  attributes 
the  results  of  Schmitz  to  the  enormous  quantities  employed,  and 
those  of  Nessler  to  the  fact  that  he  used  the  imfermentable  residues 
after  they  had  been  evaporated  to  dryness  and  taken  up  again  with 
water,  whereby  they  are  changed.  The  United  States  Committee  on 
Olucose  investigated  these  statements  very  carefully,  and  concluded 
that  there  was  nothing  of  an  injurious  nature  in  the  starch  sugar 
manufactured  in  America,  which  is  derived  entirely  from  maize ;  but 
their  experiments  did  not  extend  to  glucose  from  jwtatoes,  with 
which  the  German  chemists  worked. 

H.  W.  Landbeck  has  described  an  imfermentable,  poisonous, 
bitter  substance,  giving  many  of  the  reactions  of  colchicine,  and 
which  he  states  is  sometimes  present  to  a  considerable  extent  in 
commercial  glucose  and  badly  fermented  beer  (Pharm,  Jotir.,  [3]  xi 
832). 

689.  The  following  analyses  of  commercial  glucoses,  quoted  by 
W.  G.  Valentin  (Jour,  Soc,  Arts,  xxiv.  404),  are  amongst  the 
most  complete,  and  probably  most  reliable,  hitherto  published : — 


No.  1. 

No.  2. 

No.  3. 

No.  4. 

No.  6. 

Dextrose,  .... 

Maltose 

Dextrin,    .... 

Unfennentable  carbohv-  ) 
drates,  with  a  little  al-  \ 
buminoids,     .        .          ) 

Mineral  matter. 

Water,       .... 

Total  solid  matter,     . 
Matter  of  ase  to  the  brewer, 

80-00 

none 

none 

8-20 

1-30 
10-50 

58-85 

1411 

1-70 

9-38 

1-40 
14-56 

67-44 
10-96 
none 

4-30 

1-60 
15-70 

63-42 
13-50 
none 

8-40 

1-50 
13-18 

61-46 
13-20 
none 

8-60 

1-60 
15-20 

100  00 

100-00 

100-00 

100-00 

100-00 

89-60 
80-00 

85-44 
74-66 

84-30 
78-40 

86-82 
76-92 

84-80 
74-60 

No.  1  was  somewhat  brown,  very  hard,  and  of  English  manufac- 
ture. No.  2  was  pale  straw-coloured,  softish,  French.  No.  3, 
whitish,  somewliat  hard,  English.  No.  4,  whitish,  somewhat  hard, 
German.  •  No.  5,  white,  somewhat  hard,  German. 

The  following  analyses  are  by  I.  Steiner  {Diwjhn-'s  Poli/t,  Jour., 
ccxxxiiL  262) : — 
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No.  1. 

No.  2. 

No.  8. 

T— 

Na4. 

Dextrose,  .... 

45*40 

26-60 

76-00 

•  •    r 

Maltose,    .... 

28  00 

40 -SO 

6-00 

4260 

Dextrin,    .... 

9-80 

16-90 

•  ■  • 

89  80 

Unfermentable       carbohy- 

drates  

1-60 

7-00 

6-80 

8*90 

Albuminoids,     . 

traces 

1-80 

-20 

•  •  • 

Free  acid  (as  HJSO4), 

•08 

•08 

06 

•  • 

Mineral  matter, 

•80 

2-60 

•40 

110 

Water,       .... 
Total  solid  matter,     . 

16-60 

6-00 

18-80 

7  60 

100-08 

100-08 

100-28 

100-00 

84-42 

98-97 

86-66 

92*40 

Matter  of  use  to  the  brewer. 

82-70 

82-70 

81-00 

82-40 

Ifo,  1  was  of  Oennan  origin,  white  and  soft  The  other 
samples  were  English,  and  made  from  maize  without  previous 
.separation  of  the  starch. 

690.  These  analyses  are  unusually  elaborate,  and  for  commercial 
purposes  there  is  no  occasion  to  enter  so  much  into  detail  Many 
analysts  limit  their  statements  to  the  proportions  of  water,  ash, 
dextrin,  and  glucose,  ignoring  the  maltose  altogether.  This  prac- 
tice is  very  objectionable,  as,  in  an  analysis  so  stated,  not  only  is 
the  maltose  classed  as  dextrose,  but  the  amount  of  dextrin  is  also 
seriously  in  error.  Nevertheless,  the  cupric  oxide  reducing  power 
of  the  sample  is  a  character  of  considerable  value  for  the  com- 
mercial classification  of  a  glucose  or  for  assaying  a  sample  during 
the  process  of  conversion,  provided  its  true  meaning  be  not  mis- 
interpreted. Taken  together  with  the  specific  rotatory  power  of  a 
sample,  and  the  percentage  of  ash  and  water,  it  often  affords  ample 
information  for  commercial  purposes. 

691.  H.  W.  Wiley  {Proc.  Amer,  Assoc,  Adv.  Sciencej  xxix.,  xxx.) 

hiis  obtained  by  the  analysis  of  thirty-five  samples  of  glucose  st^rup 

(made  by  the  Peoria  Grape  Sugar  Company,  Buffalo),  results  of 

which  the  following  is  an  epitome  :  ^ — 

Highest. 

Specific  gravity,       ....         1440  * 
K,  in  terms  of  dextrose,  .         .        .  62*6 

So  (Rotation  of  sample  for  D  line),  .  107  '99 

692.  Wiley  has  also  determined  the   change  occasioned  in  the 

*  The  water  in  the  sample  of  highest  density  (a  heavy  confectioners'  glucose) 
was  but  6-37  per  cent.,  while  a  sample  of  1409  specific  gravity  contained 
15*40  percent,  of  water.  The  reducing  power  was  lowest  in  the  sample  of 
greatest  optical  activity,  a  fall  of  1  degree  in  the  value  of  Sd  (calculated  on  the 


Lowest 

Average. 

1406 

1414^8 

89-28 

62*89 

76-47 

92*62 
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Optical  activity  aiiii  reducing  power  of  glucose  syrup  by  heating 
with  dilute  acid.  As  a  rpsult,  he  favmd  the  value  of  So  for  the 
inverted  sugar  was  about  +  54,  the  close  apjU'oxiraation  of  whicli 
figure  to  the  specific  rotation  of  dextrose  =(+52'7)  shows  that 
the  inversion  was  nearly  complete.  The  value  of  K  after  inver- 
sion  ranged  from  79'00  to  90-IO.  It  is  a  misfortune  that  the 
water  in  these  samples  does  not  apijear  to  have  been  deter- 
niineiL' 

693.  Tlie  mlid  varieties  of  commercial  starch  glucose  have  only 
about  one-lialf  the  rotatory  power  of  the  eyrups,  while  their  reducing 
jiowor  ranges  from  K  =  70  to  K  =  87.  This  is  exclusive  of  the 
anhydrous  crystallised  glucoao  which  is  now  manufactureii,  ii 
sample  nf  which  contained  99'i  of  real  dextiiMi-  and  0'6  per  cent. 
of  water. 

694.  A  very  useful  method  of  as»tyiug  glucose  solution  in  the 
course  of  conversion  consists  in  calculating  the  percentage  of  total 
solids  in  the  sample  from  the  solution-density  (see  par.  488). 
deducting  the  reducing  power  found  by  Fehling's  solution,  ami 
calling  the  difference  "  dextrin,  itc," 

695.  As  already  stated,  analyses  of  commercial  glucose  which 
ignore  the  presence  of  maltose. are  merely  of  value  for  comparative 
purposes,  and  do  not  even  approximately  show  the  proportion  of  the 
constituents  actually  present.  The  dextrose  is  usually  over-stated, 
and  the  percentage  of  dextrin  is  also  seriously  in  error.  This  is 
■well  shown  by  the  following  results  obtaineil  hy  the  author  from  a 
commercial  glucose.  Column  A.  shows  the  composition  on  the 
assumption  that  all  the  reducing  sugar  is  glucose,  the  remaining 
organic  matter  being  dextrin.  Column  B.  gives  a  more  correet 
analysis  of  the  material. 

Katnple)  CDireBpondinft  to  a  rise  of  iLpproiimately  076  fer  cent,  in  the  value  of 
K.  A.  sampltr  wliich  in  10  ]>«r  aeiiL  salutioil  showod  a  rutatioDof  -1-53  dsgrtHW 
on  a  cana  augor  acftlu  had  aW  a  reducing  power  of  K  -  53,  u  fall  ol  1  dt^ree  on 
the  sugar  scale  corresponding  to  a  rise  of  1  '25  per  cenL  in  thn  reducing  i>ower. 
In  OBsea  in  which  the  dendtf  of  the  symp  dlflera  aenubly  from  1041  (curre- 
sponding  to  about  16  per  cent,  of  water),  Wiley  torrects  the  cane  sugar  onits 
before  calculatiag  to  the  reducing  power,  by  subtTac:tiug  '003  (a  k  d)  when  the 
density  of  the  oainpls  exrcwla  HOt>,  and  adding  the  aami?  amount  lo  thu 
obeerred  augar-uuita  when  the  deuaity  ia  less  than  1408  ;  n  aignifying  the 
rotation  of  a  10  per  cent,  aolntion  to  angnr  units,  and  d  the  difTervnce  between 
1409  and  the  density  of  the  sample, 

>  In  »omo  cases,  the  ioreraiou  vraa  elfected  by  heating  the  glucoae  solution, 
with  10  per  cent,  by  measure  of  sulphuric  acid  of  I  -25  specilio  gravity,  to  100°  C. 
for  three  to  six  baura.  Some  of  the  better  reaulta  iverc  obtained  by  incr«aaing 
the  temperaturfl  of  the  bath  to  104°,  by  addition  of  aalt,  the  heating  being 
■wntiniied  for  three  houta. 
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A. 

B. 

Water,     . 

1777 

1777 

Mineral  matter,    . 

•68 

'6S 

Dextro-glucose,    . 

72-60 

66-32 

Maltose,  &c., 

•                                ■  •  • 

10  13 

Dextrin, 

9-00 

5  16 

100  00 

100-00 

Total  solid  matter,     . 

82-23 

82-23 

696.  The  following  data,  obtained  by  the  analysis  of  the  above 
sample,  illustrate  the  mode,  first  suggested  by  the  author,  of  deduc- 
ing the  relative  proportions  of  dextrose,  maltose,  and  dextrin  in 
such  products. 

a.  On  carefully  drying  the  powdered  sample,  first  at  about 
60°  C,  and  subsequently  at  100°,  it  lost  a  weight  corresponding 
to  17*77  per  cent,  of  water;  leaving  82*23  per  cent  of  total 
solids,^ 

b.  On  igniting  the  dried  sample  it  left  0*63  per  cent,  of  ash. 
Hence  the  organic  solids  amounted  to  81*60  per  cent. 

c.  By  Fehling's  test  (see  par.  537)  the  sample  was  found  to 
have  a  cupHc  oxide  reducing  power  ("K")  equivalent  to  72*6  per 
cent,  of  dextrose.  The  reducing  power  of  maltose  may  be  taken 
as  ^^^j  that  of  dextrose. 

d.  A  solution  containing  20  grammes  of  the  original  sample  per 
100  c.c,  observed  in  a  2-decimetre  tube,  caused  a  circular  rotation 
of  +23*7°  for  the  sodiimi  line  D.  Hence  the  valve  of  S^  for  the 
sample  was  +5 9° '2 5.^ 

The  values  of  SJ  for  dextrose,  maltose,  and  dextrin  are  respec- 
tively +  52*7,  +139°-2,  and  +198°  (see  Dextrin). 

If  S  be  the  apparent  specific  rotatory  power,  K  the  cupric 
oxide  reducing  power  of  the  sample,  and  O  the  percentage  of 
organic  solids,  then  the  percentage  of  maltose  may  be  found  by 
the  following  rule  : — Subtract  the  reducing  power  (K)  from  the 
or},'auic  solids  (0),  and  multiply  the  difference  by  198.  To  the 
product  add  52*7  times  the  reducing  power  (K)  of  the  sample. 
Divide  their  sum  by  100,  subtract  the  resultant  figure  from  the 


^  As  a  fact  the  percentage  of  total  solids  in  the  analysis  quoted  in  the  text 

was  deduced  from  the  solution-density,  as  stated  in  the  first  edition.     The 

method  of  direct  determination  by  drying  is  substitut  d  in   he  test  as  a  more 

accurate  method  of  analysis. 

237 
«  Si>= „A-59-25  (See  par.  59). 

2  X   _ 
100 


ASSAY  OF  COMMERCIAL  GLUCOSE.  301 

specific  rotatory  power  (S),  and  divide  the  remainder  by  0*31 3. 
The  dividend  is  the  percentage  of  mdltosej  ^c,  in  the  sample.^ 

The  percentage  of  maltose  multiplied  by  0*62,  and  the  product 
subtracted  from  the  reducing  power  (K),  gives  the  percentage  of 
dextrose  in  the  sample. 

The  sum  of  the  maltose  and  dextrose  subtracted  from  the  organic 
solids  gives  the  percentage  of  dextrin,  ^c. 

Applying  these  rules  to  the  sample  of  which  the  analytical  data 
have  been  given,  the  percentages  of  dextrose,  maltose,  and  dextrin 
are  found  to  be  respectively  66 '32,  10*13,  and  5*15,  together 
making  81*60. 

697.  Instead  of  ascertaining  the  organic  solids  directly,  they  may 
be  deduced  from  the  solution-density  of  the  sample,  but  in  that  case 
it  is  desirable  to  subtract  twice  the  percentage  of  ash  from  the  total 
solid,  and  divide  the  remainder  by  3*94  to  obtain  the  percentage 
of  organic  solids.^ 

698.  In  estimating  the  reducing  power  by  Fehling's  solution, 
the  gravimetric  method  should  be  employed,  and  in  the  manner 
prescribed  in  par.  537,  as  it  was  in  that  way  the  value  of  K  for 
maltose  was  determined. 

699.  In  the  case  of  liquid  samples,  it  is  preferable  to  employ  10 

^  For  the  sample  of  which  the  analytical  data  are  given  in  the  text : — 

Total  solids,    .        .  82*23 
Ash,        ...       '68 

Organic  solids  (0),      81  '60 
Reducing  power  (K),  72*60 

DiflTerence,       .        .     9  00x198    =1782 

Reducmg  power  (K),  72-6   x   62*7  =  3826    Specific  rotation  (S)  69 '26 

Sum,  56084-100-  6608 


m 


3  17 -f- -313 - 
10*13  per  cent,  of  maltose. 

If  m  be  the  percentage  of  maltose,  g  the  dextro-glucose,  and  d  the  dextrin 
in  the  sample,  then — 

(s_«-7K  +  m(0-K)^^^.3j3 

gr-K-0*62wi;  and 
d— 0-gr- w. 

These  formulse  are  deducible  from  the  data  in  the  text.    A  fuller  description  of 
the  method  of  calculation  was  given  in  the  first  edition  of  this  work. 

>  H.  T.  Brown  prefers  to  state  the  values  of  S  an<l  K  on  the  assumption 
that  the  division  3  *86  is  uniformly  correct  for  ascertaining  the  concentration 
of  solutions  of  carbohydrates  from  the  density.     Under  these  conditions,  the 
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grammes  instead  of  20  gmmmes  per  100  cc,  for  the  estinmtion  of 
the  rotfltoiy  power.  The  aolutioti  of  solid  samplea  should  Iw 
heated  to  100  C.  for  at  leaj^t  t«n  miuutea  before  use,  in  order  to 
destroy  the  tendency  of  fresh ly-dissolved  dextrose  to  exercise  ui 
iibnonnal  rotatory  action.' 

700.  In  ctnalysing  sttniples  of  commercial  starch  sugar  by  the 
foregoing  process,  the  dotemiinations  must  be  made  with  tiic 
ipvatrnt  pombti-  cniv,  as  very  slight  variations  in  the  proportion  of 
HoUdfi,  and  in  the  values  of  K  and  S,  correspond  to  considerable 
differences  in  tho  composition  of  the  sample.  This  is  a  serious 
defect  of  the  method,  but  another  of  equal,  if  not  greater,  im- 
portance is  the  influence  vhich  the  pre3enc«  of  other  bodies 
has  on  the  resulte.  Too  little  is  known  of  these  substances, 
of  which  "  gollisin "  is  the  typo,  to  allow  of  a  definite  allowance 
or  correction  being  made  for  their  presence,  yet  their  disturbing 
influence  on  the  value   of  K  and  S  is  unquestionable.^     Hence, 

Hpeuilic  rolatioQB  oF  dsKtrose,  loaltose,  and  dextrin  For  the  transition'tiiit 
l)«comB  respectively  +53*6,  + 150",  and  +216°,  the  value  of  K,^  for  inglWse 
being  61-0. 

From  these  data,  H.  T.  Brown  calcnlatet  the  compositioD  of  the  sample  1^ 
the  following  equutions  : — 

j_i38-9-2'03Si^„-2-lBK;  and 
m-l-64K-I'64s. 
Udng  these  forniitiK  for  the  analysis  of  a  aample  oE  known  contpOBttion, 
Mr  Brown  infonuB  the  author  that  he  obtained  the  following  results ; — 

Dextrose,     ^klaltoxe.     Dextrin. 
Actual  composition  oF  sample,        .  4046  41*09  IS'46 

Found  by ajialyaia    (^'■T^ft5!82)    ■         ^'^  *^'^*  ^^''^ 

'  Tliis  "  bi-rotstory  power  "  is  very  marked  in  many  samples  of  solid  sbucb 
KUgar,  but  is  not  noticeable  in  the  aymps.  It  is  not  improbably  the  causa  of 
-wme  of  the  discordant  results  olitaini'd  by  diHerent  observers  of  the  specific 
rotatory  power  of  dextrose  (see  par.  667). 

'  It  ft  mixture  were  made  of  40  parts  each  oF  dextrose  and  maltose,  and  30  of 
dextrin,  the  calculated  optical  sctivity  and  reducing  power  of  the  product 
would  be : — 

S,.  K. 

40%  dextrose  at  627  and  100,     .  .         21(18  40 

40%  maltose  at  139-2  and  62,     .         .         .         5568  24'S 

3D'{  dextrin  at  19S  and  D,  30-60  0 

Characters  of  the  mixture,         .         .         113-36  64'S 

If  3  per  cent,  of  the  dextrin  in  this  mixture  were  replaced  hy  an  eqnsl 
weight  of  some  non-reducing  carliohydrato  of  one-third  the  optical  activity  of 
>lextrin   (Sd  — 66)  the   calculated    value   oF  Ss  for  such  a  sample  would  be 
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siich  analyses  of  starch  sugar  miiat  not  be  regarded  as  scientUically 
correct,  though  they  are  very  SHi>erior  to  those  showing  the  total 
reducing  powers  as  dextrose,  and  stating  the  remaining  carl>o- 
hydrates  as  dextrin.  The  error  falls  chiefly  on  the  maltose,  the 
determination  of  which  is  apt  to  be  seriously  below  the  tntth,  and 
in  some  cases  a  negative  quantity  is  found. 

701.  The  difficiUty  may  be  in  great  measure  avoided  by  an 
ingenious  process  due  to  H.  W.  Wiley  {CItem,  ^fi-tvg,  xIvL  175), 
based  on  the  assumption  that  dextrose  and  maltose  are  oxidised  bi 
optically  inactive  products  when  heated  with  excess  of  an  alkaline 
solution  of  mercuric  cyanide,  and  that  dextrin,  which  is  not 
oxidised  thereby,  has  its  optical  activity  unaffecte<L  The  follow- 
ing is  the  mode  of  operation  adopted  liy  Wiley. 

a.  The  cupric  oxide  reducing  power  of  the  sample  is  ascertaiueii 
in  the  usual  way  by  Fehlin't's  solution. 

b.  The  specific  rotatory  power  is  determined  by  jjolorising  a 
10  per  cent,  solution  (j>reviously  heated  to  boiling)  in  the  ordinate' 
manner. 

c.  10  c.c.  of  the  solution  employed  for  6  {=  1  gramme  of  the 
original  sample)  is  treated  with  an  excess  of  an  alkaline  solution  of 
mercuric  cyanide,*  and  the  mixture  boiled  for  two  or  three  minutes. 
It  ia  then  cooled  and  slightly  acidulated  with  hydrochloric  acid, 
which  destroys  the  reddish-brown  colour  possessed  by  the  alkaline 
liquid.  The  solution  is  then  diluted  to  50  c.c,  and  the  rotation 
observed  in  a  tube  4  decimetres  in  length.     The  angular  rotation 

■f  113° '40,  tliB  redacing  power  btinn  unchuiged.     But  on  calcuUtiog  the  com- 
■ach  a  Mmpio  by  the  rule  given  in  the  text  it  would  >p|H'nr  In 


Dextrose, 
Ualtow, 


lOO-Oi 


■  very  poseiblecnu  in  practice,  mil  hence  theniethoit  hnsa  tendency 
idicate  >  proportion  of  rosltoae  tnnaiderably  below  the  tnitli. 
9  The  mercaric  Boliition  Is  prepared  by  dissolTing  aboat  120  graiiimts  oX 
c  cyanide  and  the  same  qnnntity  of  caustic  soda  in  1  litre  of  watr, 
and  filtering  the  liquid  tlirongti  ubettus.  20  c.f.  uf  this  lolution  should  be 
employed  for  sampleia  having  K  leas  ttiaD  6G  per  cent.,  aud  25  c.c  when  the 
reducing  power  in  greater  than  this.  In  all  caws  care  must  be  tokeu  to  use  a 
■light  eic^OEa  of  the  mercuric  solution,  wIiicL  may  be  ascertained  by  holding  u 
piece  of  Glter-paper  with  n  drop  at  the  xolution  on  it  over  [nming  hydrocbloric 
acid,  and  then  over  aulphide  of  BRimonium  or  Halphumttcd  hydrogen  RSter. 
when  a  dark  staio,  due  to  mercuric  «nlphid«,  will  sppesron  the  paper. 
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observed  will  be  due  simply  to  the  dextrin,  tlio  percentage  of  which 
in  the  sample  may  be  calculated  by  the  following  fonnula  : ' — 


1^  X  \i3itpii  ol  tuba  lb  ftDDtliniTtiTB  >  wbIcIii  af  umple  In 

702,  The  percenta(,'eB  of  deittroBe  and  maltose  may  lie  deduced 
from  the  reducing  power  of  the  sample,  or  from  the  differencit  be- 
tween the  apeeiflc  rotatory  power  before  (S)  and  after  (ff)  the  treat- 
ment with  the  alkaline  mercuric  solutioa  Uaing  the  same  symbols 
as  before,  with  the  addition  of  u  for  the  unknown  and  preanmed 
inaetive  op^Tinic  matter,  the  following  equations  result : — 


From  these  data  :- 


-a--527Ki  .«-i 

The  proportions  of  dextrose,    dextrui,  and  inactive  earbohydmles 
are  deduced  by  means  which  are  evident 

703,  In  Wiley'a  process  it  is  assumed  that  the  indefinite  carbo- 
hydrates Imvi'  no  ojrtical  activity  and  no  reducinj^  action  ou 
Fehling's  aolution.  Both  these  asauiuptions  are  probably  incorrect, 
in  addition  to  which  it  has  not  been  definitely  proved  that  boiling 
with  an  alkaline  solution  of  mercuric  cyanide  wholly  destroys  the 
optical  activity  of  nialtoRe  and  destroae,  while  leaving  that  of  dextrin 
unchanf^ed.  Mor  has  the  action  of  the  mercuric  solution  on  the 
indefinite  carbohydrates  been  ascertained  with  certainty,  thou^i 
they  may  be  presumed  to  react  like  maltose,  since  "gallisin"  h 
stated  to  reduce  Knapp's  solution.  Haaa  also  found  that  certain 
samples  of  starch  glucose  gave  concordant  results  witlt  Fehling's 
and  Sachsse's  solutions,  while  in  other  caeca  the  reducing  action  of 
the  latter  reagent  showed  10  per  cent,  more  reducing  matter  (in 
terms  of  dextrose).  Haas  suggests  {ZeiU,  Anal.  C/iem.,  xxji. 
319)  that  the  difTcrenco  vag  due  to  the  presence  of  unfermontablv 
carbohydmtea,  but  offere  no  proof  of  the  accuracy  of  thia  view, 
and  makes  no  mention  of  maltose,  which  also  reduces  Sachsse's 
Kolution. 

1  If  the  directions  in  the  text  were  adhered  to,  and  a  saiupU  showed  ta 
aDgnlar  rotatiou  of  3''3  with  a.  tabe  i  deotinelm  in  kufltli,  theii  the  calcul*- 

3-2  X  1000  X  50  _  .,„..,„  ,_.  ,._.      ,  ,,.„„„ 
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704.  Wiley's  proteas  was  employed  by  the  Cmnmittce  of  the 
Americim  Atademy  of  Sciences  appointed  to  inTe8ti(,'ate  the  nature 
of  comniercial  atarch  glucose.'  Their  Report  to  the  United  States 
Commissioner  of  Internal  Revenue  is  a  valuable  contribution  to 
the  literature  of  the  subject.  The  following  ia  an  epitome  of  the 
results  quoted  in  the  Committee's  Kepirt  : — 


I 


Li([nid  Forms. 


Maltwe, 
Dextrin, 

"WolCT, 


T05.  Probably  a  more  certain  method  of  estimating  the  dextrin 
in  commerciiil  glucose  would  be  to  employ  the  following  method 
recommeuJed  by  C.  Graham : — Dissolve  S  grammes  of  the  sample 
in  a  small  quantity  of  hot  water,  aD<l  add  the  solution  drop  by 
drop  to  1  litre  of  nearly  absolute  alcohol.  Dextrin  is  precipitated, 
and  on  standing  becomes  attached  to  the  sides  of  the  l>eaker,  while 
maltose,  gallisin,  and  dextrose  are  soiuble  in  the  large  quautity  of 
alcohol  employed.  If  the  solution  bo  then  decanted  from  the  pre- 
cipitate the  dextria  in  the  lutter  can  be  oBcertained  by  drying  and 
weighing,  or  by  dissolving  it  in  a  doiinitu  quantity  of  water  and 
observing  the  solution-density  and  rotation.  The  alcohol  is  dis- 
tilled off  from  the  solution  of  the  sugars,  aud  the  residual  liquid 
divided  into  aliquot  portions,  in  one  of  which  the  gallism  may  br- 
detenniued  after  fermentation  with  yeast,  while  others  are  employed 
for  the  observation  of  the  specific  rotation  and  reducing  power, 
which  data  give  the  means  of  calculating  the  proportions  of  Tno/fow 
and  dexirosc  in  the  sample.  In  the  absence  of  gallisin  these  may 
also  be  deduced  from  the  increase  in  the  reducing  jtower  caused  by 
heating  with  dilute  acid  for  several  houra  (par.  507). 

The  method  indicated  in  the  last  paragraph  is  probably  the  best 
existing  for  the  complete  analysis  of  starch  glucose,  but  it  must 
be  admitted  that  no  reasonably  simple  process  has  hitherto  been 

'  la  a  co[ir  of  the  report  sout  to  ths  writer  by  one  of  thB  membars  of  the 
vommitleo,  the  fallowing  noto  is  mnde  rcaptctiDf;  a  sample  foimd  by  Wiley's 
method  to  contain  41  5  p«r  cent,  of  dextrose,  O'd  of  mBttase,  an<I  3S*3  of 
dextrin.  "This  sample  whan  furmuiited  pive  resutls  which  lead  tia  to  the 
belieltliat  it  contains  a  large  uiiDimt  of  maltose,  and  very  little,  if  any,  deitrosr, 
FroiD  this  and  sonic  other  facts  noticed  in  the  cuune  of  the  work,  we  conchidc 
that  the  method  of  Wiley  is  not  applicable  to  products  contnimng  any  wonuder- 
able  percentage  of  mallow ."  Nevertheless  Wiley's  process  ia  a  distuict  advance 
tmnid  the  solution  of  a  very  difficult  problem, 

»L.  I.  U 
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anggested  wliii^ti  will  enable  thn  cnnstitnents  of  all  kiiiiLi  of 
oommt-n^ial  glucose  to  be  aacertaineil  with  a  fait  approximation  ta 
accunuvy.' 

706.  When  cane  or  invert  sugar  is  also  preeent,  as  la  freqnentlj 
the  case  in  r^nfcctioners'  glucose  ayrup  and  factitious  boney,  the 
problem  ia  still  more  complete,  thongb  an  approach  to  its  solution 
ia  given  in  par.  553.  The  estimation  of  starch  glucose  when  eni' 
ployed  as  an  iidulteraut  of  commeri-'ial  cane  sugar  is  described  in 
par.  683  et  stq. 

707.  The  ipofer  in  commercial  glucose  may  be  determined  by  one 
of  the  methods  described  in  par.  SSS  rf  neq^  but  a  high  temperature 
mtiat  be  raretully  avoided,  H.  W.  Wiley  baa  communicated  to 
the  author  the  follo^ving  method  of  determining  the  water  in  com- 
mercial glucose.  The  process  is  also  applicable  to  molasses,  honey, 
&e. : — ^Two  grararaes  of  the  sample  is  treated  in  a  flat  platinum  dish 
with  a  few  ccntimetrea  of  dilute  alcohol  (40  per  cent.)  until  com- 
pletely dissolved,  when  a  weigheti  quantity  (10  to  15  grammes)  <rf 
dry  sand  (previously  washed  and  ignited)  is  ailded,  and  thoroughly 
miKcd  with  the  lifjuid  by  mpAus  of  a  weighed  glass  rod.  Xhr 
ilish  is  then  heated  over  boiling  water  for  one  hour,  when  the  con- 
tents are  moistened  with  about  5  c.e.  of  absolute  alcohol  and  further 
heated  to  100"  for  ten  minutes.  The  dish  is  then  heated  to  110° 
in  an  air-bath  for  fifty  minutes,  and  weighed. 

708.  The  (uh  of  commercial  glucose  should  not  exceed  1  per 
rent,  of  the  weight  of  the  sample,  and  should  be  almost  wholly  free 
from  iron,  which  b  objectionable  in  brewing  materials.  It  usually 
iionsists  chiefly  of  calcium  sulphate,^  but  this  is  not  invariably  the 
case.  Sometimes  the  sulphate  of  calcium  is  removed  by  treatii^ 
the  concentrated  solution  of  the  glucose  with  barium  oxalate,  in 
accordance  with  a  proposal  of  E.  Luck. 

709.  The  nitrogeruyitg  ■matter  of  glucose  can  be  detennined. 
if  desired,  by  ignition  with  soda-lime.  The  amount  of  nitrogen 
found,  multiplied  by  6-33,  gives  the  albuminoid  matter. 
Fair  comparative  results  may  be  obtained  liy  Wanklyn's  "albu- 
minoid ammonia"  process  (see  par.  218).  Mere  traces  of  nitro- 
genous matter   should    Ite  present  in  good  glucose,  though    it  is 

'  For  an  advanco  in  this  direction  soe  Tcratnote  on  page  311. 

'  .1.  S.  C.  Wells  nindo,  on  behalf  of  the  United  States  Committw  {par.  7W),  » 
number  of  anttlyBes  of  the  ash  of  samplea  uf  commereial  ntarch  glucoBCa  {S«- 
jiort,  page  U).  The  composition  varied  very  greatly,  and  the  result*  showed 
dearly  that  calcium  anlphatB  was  by  no  means  the  nearly  oonstanl  mnstitaeat 
of  gtncosa-aah  which  it  ia  commonly  assnmed  to  be.  In  not  a  few  bugs  ^ 
proportion  oF  ciilorides  cxceedod  that  of  the  sulphates.  Corcfii]  search  WM 
mado  for  metallic  impurities,  bat  with  vholly  negative  resalta. 
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tnie  that  some  favmiritii  eomuiorcial  brands  contain  a  iiotalili:  pro- 
|K)rtioii  of  al  burning  ills. 

7.10.  Frpf  And  ought  to  be  wliolJy  absent  from  commercial 
({luiioSG,  tliough  many  specimens  possess  normally  a  atightly  ocicl 
pi'action,  whieh  ih  juvjlinbly  due  to  acid  [lUoaphates. 

^^  711.  Honey. 

^^b  Freftek — ^Meil      Cfennatl — Honig. 

^^PDrdin&r^  honey  is  a  saccliarine  substance  collected  aiid  stAcud  by 
^^  pftrticular  species  of  bee  {ApU  meUijka),  but  its  production  is 
common  to  various  s^wcies  of  bees,  Iwsides  other  hymenoptorous 
insects,  such  as  wasps  and  certain  species  of  ante.^ 

712.  The  specific  gravity  of  vii^in  honey  ranges  from  1425 
to  1429,  and  that  of  honey  from  old  bees  from  1416  to  1422. 
According  to  Buchncr,  the  density  sometimes  reaches  1440. 

713.  When  houey  is  examined  mider  the  microscope,  crystals  of 
dextrose,  scales  from  butterflies'  \rings,  spores  of  fungi,  und  differ- 
ent kinds  of  pollen  may  be  observed.  The  last  bodies,  if  suffi- 
ciently identified,  may  lead  to  a  knowledge  of  the  country  whence 
the  honey  was  derived, 

714.  Chemically,  honey  is  essentially  a  eoneentrated  aqueous 
solution  of  certain  sugars,  dextrose  and  IsBVulose  being  the  must 
inaportant  constituents.  Occasionally  a  small  i>ercent^e  of  su- 
crose ap|Jeare  to  he  normally  present,  especially  in  the  now  honey 
from  bees  fed  on  cane  sugar,^  but  after  a  time  tliis  constituent 
undergoes  inversion  by  the  trace  of  acid  or  some  ferment  present 
in  the  honey.  According  to  James  Bell,  honey  contains  from  5  to 
10  per  cent  of  n  substance  which  undergoes  conversion  to  glucose 
only  by  prolonged  treatment  with  acid  (maltose,  gallisin  1). 
Soubeiran  and  Dubrunfaut  also  state  that  honey  contains  certain 
undefined  sugars,  and  the  same  conclusion  is  deducible  from  the 
analytical  results  of  other  observers. 

715.  Besides  tlie  true  sugars,  honey  contains  a  sensible  quantity 
•  •t  the  anccharoid  mannite,  C|jH„Oa  (sec  Table  on  page   189), 

'  The  Meiican  lioney-ant  (Mi/ruieaiei/ttiti  Mexieatiia),  secretes  ■  aymp  of 
nearly  pure  invert  aiigai,  but  sli(;htly  acid,  apparently  from  the  preseiiM  of 
formic  add. 

In  a  aubataact  allied  to  lionry  called  tcuiiui,  fount!  iii  Etbiopia,  snd  said  to 
be  the  product  of  ao  insect  like  n  targe  moaqoito,  A.  Tilliera  found  32  per 
cent,  ofgl  ucoBes  (the  deitroaci  being  aomowhtt  in  aiceas),  no  aucrose,  STU 
lierccnt  offt  Uad  of  dextrin,  3'0  of  mannite,  2'5  of  minentl  matter,  s  uon- 
nitroKenous  bitter  principle,  and  9'1  of  unidcntiliBd  subatanccs  (CompL  rend,, 
IxxxrUi  282), 

On  the  other  hand,  the  nectar  of  plants  eontnina  a  couBiderable  quantity 
invsrtible  anf^r,  which  is  probably  Euaroae  [Chem.  IfcKi,  uxviii.  B3}. 
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whicli  nmy  be  isolated  hy  fermenting  a  solution  of  the  lioney  with 
excess  of  yeiwt,  filtering,  evapomting  the  filtrate  to  a  low  bulk, 
addiug  excess  of  boiling  alcohol,  evajiorating  tho  tiltereil  liqnifl  to 

addition  of  elhi^r. 

716.  The  other  constituents  of  honey  are  water,  small  quan- 
tities  of   wax,    polleu,    niiueral    matter,    traces   of    fla- 
vouring and  bitter    substances,    organic  acids,  &c 
Formic  acid  appears  usually  to  be  present  in  honey. 

717.  SevemI  ohaeri'era  have    published    figures    showing    the 

J.  Campbell  Brown  (Analynt,  iii.  269).     E.  Sieben  {Zeil«.  Anal. 
Gkeni.,  Kxiv.  135),  and  0.  Hehner  {Antdygt,  ix.   64),  have  deter- 
mined certain  of  the  constituents  in  a  large  number  of  samples  of 
honey,  and  J.   Bell    in    a  few  (Food»,  part    i.    p.    116).     A.  H. 
Hassall  has  also  published  analyses  of  four  samples  of  honey.     The 
following  is  an  epitome  of  the  results  of  these  chemists : — 

..c..,™,. 

E.  Sleben. 

CHrtmr.           J,  Ml. 

A.11H- 

ss<<iiw  rsTs 

Ifl'SOWlB-SO 

nonelo  SM 
la-wi;;  34-96 

H'MWM-Jd 

i!:ig^^:S 

nnuw  t 

O-Uls  • 

lia-nwn 

identified  sugar  previously  mentioned,  while  Cauipbeli  Brown  col- 
lected a  considerable  quantity  of  water,  which    he   found  to  be 
driven  off  above  100°  C. 

718.  Although  the  figures  representing  the  other  constituents 
show  a  considerable    range    of    variation,   the   great   m^ority  of 
samples  of  honey  are  of  a  remarkably  constant  character,  the  glu- 
uoaes  rangmg  from  70  to  80  per  cent.,  the  water  from   17  to  20, 
and  the  ash  from  O^IO  to  0'25.     lu  normal  honey,  the  dextrose 
and  Ifflvulose  are  present  in  approximately  equal  proportions,  hut 
if  the  honey  lias  cryatalliaej  in  the  comb  the  runnin),^  therefnini 

'  In  this  anilysis  there  wss  also  found  2'2  per  cent  of  cane  BUgHr,  but  Dr 
Brown  conudsrs  that  tbu  appi>arBuc:e  of  aacrose  as  a  conatitucDt  is  as  prohibljr 
due  to  error  of  experiment  as  to  its  nctual  presencein  thospecimcn.  wMch  wm 
one  ot  JaumiKa  lioney.    Dr  Brown's  figares  for  dejrtrose  and  leevuloBe  have  been 
rc-cnloulated  irilh  hU  conaeut. 
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will'be  deficient  in  dextrose,  and  honce  will  be  stronyly  Isavo- 
rr)tatt)ry.  It  is  held  by  experienced  bee-keepers  that  all  genuine 
boney  will  eventually  cryattiUiso,  and  bence  that  honey  warranted 
to  remain  syrupy  is  probably  adulterated. 

719.  Analtsw  of  Comubrcial  Honkt. 

Honey  is  frequently  adulterated,  the  most  common  sophistication 
being  the  addition  of  glucose-ay  rup,  a  dextrino-sauoharino 
liquid  obtained  by  the  action  of  dilute  acid  on  starch  (par.  688). 
A  factitious  honey  is  sometimes  manufactured  wholly  from  glucose 
syrup,  with  addition  of  minute  iiuantities  of  formic  acid,  &c,  to 
give  the  preparation  a  flavour  of  boney.  Cane  augnr  and 
invert  sugar  have  also  been  used  as  adulterants  of  honey,  and 
molasses  ia  said  to  have  been  occasionally  added.  The  addi- 
tion of  mineral  matters,  such  as  clay  or  gypsum,  at  tht- 
present  day  ia  very  improbable. 

720.  The  proportion  of  teater  in  honey  may  be  determined  as 
in  molasses  {par.  669),  or  by  the  method  of  Wiley,  described  in 
par.  717.  A  useful  check  on  the  result  is  obtained  by  calculating 
the  solids  from  the  density  of  u  20  per  cent,  solution  of  the  sample, 
as  deacriljed  in  par.  488. 

721.  Tlie  ask  of  genuine  honey  is  usually  very  trifling  in 
amount.  If  in  excess  of  0'3  pet  cent.,  it  should  be  tested  for  cettciian 
tu/phale,  the  presence  of  which,  in  notable  qiiantity,  is  an  almost 
oertain  indication  of  ailulteration  by  atarrh  glucose  or  invert  sugar. 
In  fact,  the  presence  of  notable  traces  of  sulphates  is  the  only  way 
in  which  an  addition  of  invert  sugar  to  honey  can  bo  inferred. 
Sulphates  may  also  be  detected  by  the  direct  addition  of  barium 
chloride  to  the  aqueous  solution  of  the  sample.  A  high  ash  con- 
taining a  notable  proportion  of  chlorides  points  to  a  probable 
iidtilteratioQ  with  molasses. 

722.  The  insoluWe  mailer  of  honey  may  be  determined  as  in 
sugar.  It  usually  consists  of  wax,  pollen,  &c.,  and  should  be 
carefully  examined  under  the  niicroacope.  Starrh,  which  is  not  a 
normal  constituent  of  honey,  will  be  readdy  recognised  ih  tlie 
residue  by  its  reaction  with  iodine,  and,  if  present  in  quantity, 
points  to  an  adulteration  of  the  sample  with  four  or  other  farin- 
aceous substance,  the  exact  nature  of  which  will  bo  indicateil  l>y  it* 
microBcopie  appearance. 

723.  Gdaiin,  if  present,  will  be  left  undissolved  on  treating  tlie 
sample  with  spirit,  and  will  be  recognised  by  \i»  odour  on  ignition, 
and  the  reaction  of  its  aqueous  solution  with  tannin. 

724.  Dar/rin,  which  is  not  found  in  genuine  honey,  but  is  n 
constituent  of  commercial  glucose  sytup,  may  be  detected  hy 
diluting  the  honey  with  an  equal  measure  of  water,  and  gradually 
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adding  strong  spirit,  stirring  constantly  until  a  pennaiienl  turbidity 
i3  produced.  In  samplea  adulterated  with  gbicogK  »i/nip  n  heavy 
gummy  deposit  will  soon  form,  but  with  genuine  honey  only  ii 
alight  milkiiiess  is  produced  (w*  footnote  on  page  307), 

725.  Saccharine  additions  to  honey  can  only  be  detwivd 
by  a  careful  examination  of  the  action  of  the  sample  on  jralansed 
light,  and  its  buhsriour  with  Fehling's  and  other  reducible  BoIutiooK 
The  following  table  showe  the  spenific  rotatoiy  power  and  cupric 
oxide  reducing  power  of  mixtures  of  cane  and  mvert  sugar,  contun- 
ing  82  per  cent,  of  tho  solid  and  18  percent,  of  water,  and  of  avwv 
iigo  glucoee  syrup,  as  compared  with  genuine  honey.  The  table  also 
ahowH  tho  changes  produced  in  solutions  of  the  above  saccharine 
mattere  hy  the  action  of  invertin  (par.  563),  by  prolonged  beat- 
ing with  dilute  acid  (pui'.  307),  luid  hy  fermentation  with  yenst 
(par.  513)  L— 
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726.  According  to  the  table,  there  is  a  sensible  difl'ernm 
between  the  rotation  of  invert  suijar  and  genuine  honey,  but 
unfortunately  this  distinction  does  not  always  hold  good,  f or  if  tha 
honey  has  crystallised  in  the  comb  some  of  the  dextrose  is  apt  to 
remain  there,  and  the  honey  drained  therefrom  will  contain  exoras 
of  levulose,  and  be  moro  strongly  hevo-rotatoiy  than  is  indicated 
by  the  figures  in  the  table.  Unless,  therefore,  the  ash  be  exceeaiTe^ 
or  happen  to  contain  calcium  sutjiliate  (par.  708),  the  positivo  recqif- 
nition  of  added  invert  sugar  is  next  to  impossible. 

727.  Any  considerable  proportion  of  rane  suijar  in  honey  would 
)>e  indicated  by  the  strong  dextro^rotution  of  the  sample,  changed 
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U)  leIt-hiunlBtl  rotation  on  treatment  with  iiivertiu  or  dilute  acid. 
Tlte  prKportiuD  of  cane  eugor  can  be  estimated  from  the  extent  of 
the  ehatfje  in  the  rotatoiy  and  reducinj^  power  of  the  sample 
utused  by  treatment  with  invertin,  or,  in  the  absence  of  glucose  | 
Bynip,  by  inxetsion  with  dilute  hydrochloric  oeid,  as  in  par.  477, 
Ae>  already  stated,  a  amall  per<:cnta^e  of  sucroae  appears  sometimes 
Bs  a  constituent  of  genuine  honey. 

728.  Glucagf  nymp  ie  atill  more  dexlrtf-rotatory  than  cano  sugar 
to  conuucuce  with,  the  optical  activity  falling  to  about  one-half  by 
prolonged  treatment  with  acid,  while  the  products  left  after  fer- 
mentation are  atill  notably  dextro-rotatory.  In  the  aliaeuce  of 
added  cane  and  invert  sugar,  an  approximate  estimation  of  the 
proportion  of  glucose  ayrup  in  honey  may  be  made  by  reckoninj; 
1  per  cent,  of  the  adulterant  for  every  degree  of  dextro-rotatory 
power  posseesed  by  llie  original  sankple.  Of  counse,  it  must  not 
be  forgotten  that  a  dextro-rotation  of  a  few  degrees  is  observable 
insome samples  of  genuinti honey. ^  The  saccharine  Uiiuid  secreted 
by  fir-cones,  etc.,  is  said  to  be  notably  dextro-rotatory. 

'  Sieben,  in  a  recent  valuable  paper  (Artalyil,  x.  34],  givea  the  follawiug 
methods  it  uxainiDing  hoaey  for  starch  glacosu  : — For  the  rermeDtatioa 
test,  25  grammea  of  the  sample  aie  diagolvBil  in  wster,  the  Bolutioa  dilated 
200e.c,and  termented  for  forty-eighlhoniHat  the  temperutiiri!  of  tho  room  with 
13  gralnmea  of  QermaD  jeast  free  from  starch.  Alumina  creani  {page  201)  ia 
then  added,  the  liquid  diluted  to  260  c.c.  and  liltervJ.  20^)  e.c.  of  the  clear  lil- 
tnteshould  then  be  evaporated loSOcc,  and  exoiaiaedinthepolannieter.  An 
already  staled,  pure  honey  gives  a  residue  after  fermentation  nhich  is  optlCBll}' 
inactiTe,  oi  ueacly  k>,  while  tha  reaidue  from  an  adulterated  sample  is  atrongly 
dextro-rotatory.  Sieben  states  that,  operating  as  above  deacribed,  a  sample 
adulterated  with  20  per  cent,  of  starch  sugar  will  show  a  rotation  of  'f'7'''S 
when  examined  in  a  2-decimctra  tube  with  a  Wild's  polorimeter,  while  a 
oampU  containing  50  per  cent,  of  slareh  sugar  will  rotate-)- 22' "2  under  the 
same  oonditiona.  After  observing  the  optical  activity,  SSc.c.  of  the  [fermented 
and  concentrated)  solution  employed  for  the  ejiperiment  should  he  heated  an 
the  watnr-bath  with  2Se.c.  of  water  and  Sec  of  concentrated  hydrochloric  acid. 
The  liquid  is  then  neutralised,  made  up  to  100  c.c,  and  the  sugar  determined  in 
25  cc.  by  Fehling's  solution.  The  glucose  thus  Found,  when  maltiplied 
by  40,  gives  the  dextrose  coiresponding  to  the  unfermentablu  carbohydrates  ot 
the  sample.  Uoney  containing  10  |>er  cent,  of  at«roh  (ugnr  shows  3 '2*  pel 
cent,  of  dextrose  fiom  the  imformeii table  matters,  while  20  per  cent,  gives 
6-39,  and  10  [icr  cent.  8-SG  of  dextroae.  Unfortunately,  all  these  Ggures 
aaanme  tha  presence  of  constant  proportions  of  uafcmicntuble  carbohydrate* 
in  honey  and  starch  sngnr. 

Anothei:  method  of  detecting  starch  sugar  in  honey,  desi^ribed  by  Siebeii  at 
being  very  delicate,  is  as  follows;^!*  grBiuwcs  of  honey  are  dissolved  in 
about  450  e.c  of  water,  and  any  sucrose  inverted  by  beattag  the  soluEion  with 
20  cc.  of  senii-nomml  hydrochloric  acid.     The  ]i<iuid  is  then  neutrnliioi),  and 
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GLUCOSIDES. 


729.  Olncosides. 

The  name  glucoside  is  applied  to  numeroua  bodies  possees- 
ing  the  common  property  of  yielding  glucose,  CjH^jOj,  ns  one 
of  the  products  of  their  treatment  with  water  aud  a  dilute  acid. 
TIius  salicin,  when  boiled  with  dilute  sulphuric  acid,  yields 
dextrose  ajid  the  alcohol-Iiko  body  a  a  1  i  g  e  n  o  1  or  sottgeniu. 

Ci3Hi80y+HgO  =  CBH,P5+CiH,O.On . 

A  Biinilar  decomposition  of  the  glueosidea  often  occurs  by  the 
agency  of  certain  peculiar  fermente  occurring  in  the  plant  together 
with  the  glucoside.  These  ferments  have  a  very  limited  jwwer  of 
producing  such  decomjMsitione,  their  influence  beijig  exerted  only 
on  a  few  glnuosides  of  closely-related  composition. 

The  nature  of  the  glucoses  obtained  from  the  glucostdes  haa 
been  identified  with  Hucro-dextroae  in  a  few  inatancos  (see  par.  677), 
but  in  the  minority  of  caaea  the  exact  nature  of  the  rcsult&nl 
glucose  is  still  uncertain. 

T30.  Some  of  the  glueosidea  are  of  interest  from  a  pharma- 
ceutical and  toxicologieal  point  of  view,  but  few  of  them, 
except  gallotannic  acid  and  tlie  glucoside  of  mustard,  commonly  re- 
ijuire  to  be  assayed.  Their  analytical  characters  have  in  mustcasBB 
been  but  very  imperfectly  atmlied.  From  the  alkaloids  they  mty, 
as  a  rule,  be  separated  by  acidulating  the  aqueous  liquid  with  snl- 

mado  up  to  100  ce.  100  cc.  or*Febliug'8  Botation  are  nexl  titrated  with  tlie 
aAcchu-ine  soUiIion,  of  nhich  IS  to  36  c.c.  irill  bo  r«iiiir«l ;  and  then  uiiitlisr 
quftbtity  of  100  cc.  uf  Feliliog'a  solution  is  boiled  witli  a  mraeure  of  the  lioney 
iiolntiou  less  by  05  cc.  than  wm  pfeviooaly  found  necEssiry  for  the  reducliou 
nf  tbn  copiwr.  By  this  means  tLe  sngars  are  oiidiied  without  th«  non- 
reducing  carbohydrates  being  affected.  The  liquid  is  filtered  through  ubeslo, 
the  filter  washed  slightly  witli  hot  water,  and  the  filtrate  nentraliged  with 
strong  hydrochloric  acid.  One-tenth  of  its  mcaanre  of  fnniing  hydrochloric  acid 
is  then  added,  and  the  solution  in  heated  on  the  watec-batb  for  one  hour,  iwarty 
neutralised  witti  concentrated  solution  of  soda,  and  made  up  to  !iOO  c.c  After 
coaling,  the  lii^ntd  is  psssod  throtigh  a  dry  iilter,  and  150  cc.  of  the  Gltiate 
huiled  with  120  cc.  of  Fehting's  solution  and  20  c.c.  of  water.  The  dextrau 
corresponilinfc  to  the  non-reducing  carbohydrates  is  cnlculated  from  the 
cuprous  oxide  precipitated.  Sieben  states  tliat  when  treated  in  tlie  above 
manner  the  metallic  copper  corresponding  to  the  cuprous  oxide  precipitated  by 
genuine  honey  does  not  exceed  0'002  gramme,  while  with  5  per  cent,  of  staioh 
sugar  the  copper  predpitated  weigba  -020  ;  with  10  per  cent ,  "040  ;  with  8" 
'090  ;  with  iO,  -190;  and  with  60,  '330  gramme.  These  figures  again  a«DB 
the  presence  of  a  constant  projiortion  of  non-reducing  carbohydratot  ii 
starch  sugar  nacd  as  the  adulterant. 

Tlie  foregoing  methods  of  e  stun  i  not  ion  would  probably  yield  iijterestinj|.Hl 
vatualilo  results  if  employed  for  iha  aualvsia  of  nnmixed  starch  gluei 
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phuric  acid,  and  agitating  with  a  mixture  of  chloroform  and  ether, 
which  extracts  the  glucosides  without  affecting  the  sulphates  of 
the  majority  of  the  alkaloids.  The  alkaloids  which  cannot  thus 
be  separated  are  usually  weak  basea  Some  facts  respecting  the 
behaviour  of  certain  glucosides  with  immiscible  solvents  will  be 
found  on  page  33,  and  more  detailed  information  will  be  given  in 
future  sections  of  the  work. 


STARCH  AND  ITS  ISOMERS. 


731.  In  the  vegetable  kingdom,  and  to  a  minor  extent  in  the 
animal  kingdom,  there  exist  a  number  of  carbohydrates  having  iii 
common  a  composition  represented  by  the  empirical  formula 
CgHj^O^  but  their  physical  and  chemical  characters  point  in  many 
cases  to  a  multiple  of  this  formula  as  the  true  representation  of 
the  constitution  of  the  molecule. 

The  carbohydrates  of  the  starch-group  are  non-volatile  bodies, 
and,  with  perhaps  one  or  two  exceptions,  are  amorphous.  As  a 
class  they  are  insoluble  in  alcohol,  though  the  greater  number  of 
them  are  dissolved  by  water,  forming  solutions  which  usually  exert 
a  marked  rotatory  action  on  a  ray  of  polarised  light.  They  arc 
neutral  in  reaction,  and  fonu  but  few  definite  compounds  or 
metallic  derivatives.  The  carbohydrates  of  the  starch  group 
are  very  nimierous,  and  apparentl)^  capable  of  isomeric  modificatioa 
Owmg  to  their  physical  characters,  and  feebly-marked  chemical 
affinities,  it  is  often  extremely  difficult  to  obtain  them  in  a  state  of 
purity. 

732.  None  of  the  membei's  of  the  group  reduce  Fehling's  solu- 
tion when  boiled  with  it.  Ey  treatment  with  acids  they  yield 
sugars  among  other  products,  and  then  reduce  the  cupric  solu- 
tion. 

733.  The  members  of  the  group  are  many  of  them  of  little 
practical  interest,  and  their  analytical  reactions  have  been  ven 
incompletely  studied.  The  following  table  serves  to  show  the 
comparative  characters  of  the  more  important  members  of  the 
group,  and  cellidose,  starch,  and  dextrin  are  described  more  fuUy 
in  subsequent  sections.  In  par.  844  will  be  found  tables  for 
the  general  proximate  analysis  of  plant-products ;  and  under  tbe 
head  of  "  Gums ''  a  short  description  of  pectinous  mfi^ 
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734.  CELLXTLOSE.    CoH,/)^. 

Ciillulost;  constitutes  the  i-asontiiil  ]iart  of  the  solid  frame-work 
or  cellular  tissue  o(  plants,  and  hence  is  un  especially  cliaracterislic 
product  of  the  vegetable  kingdom.  The  outer  coating  of  AflcitUffl 
animals  is,  however,  apparently  identical  with  cellulose. 

Cellulose  occurs  nearly  pure  in  cottou,  linen,  and  the  pith  of 
certain  plants.  Swedish  filter-paper,  linen  ruga,  and  cotton-wool 
are  still  purer  foniis  of  cellulose. 

Celluloae  is  closely  related  to  starch,  and  is  most  probaUj 
directly  formed  from  it ;  but  it  is  more  stable  than  etarch,  and  w 
not  nvadily  rendered  soluble. 

735.  Cellulose  is  a  white,  taatelcss,  odotirless,  non-volatile  bodj 
of  about  I'-IS  specific  gravity.  It  is  insoluble  in  water  and  all 
ordinary  menstrua,  but  dissolve^  as  first  observe"!  by  Schweitcer,  in 
ji  strong  solution  of  cupric  oxide  in  ammonia. 

736.  Sohweitzbr's  Kbaoent,  which  may  be  regarded  as  a  aoln- 
tion  of  cupr-ammonium  hydroxide,  is  prepared  ly 
leaving  copper  turnings  partially  immersed  in  nmumnia,  with  acccM 
of  air.  Or  cupric  hydrate  may  be  precipitated  from  u  cold  solution 
of  cupric  sulphate  by  addii^  excess  of  caustic  soda,  and  the  well- 
washed  precipitate  dissolved  to  saturation  in  ammonia.  Ob  treat- 
ment with  the  resultant  solution,  cellulose  becomes  gelatinons,  and 
on  agitation  gradually  dissolves,  forming  a  viscid  solution  whi^ 
may  he  filtered  after  dilution  with  water.^  On  neutralising  tii^ 
filtrate  with  hydrochloric  acid  the  cellulose  is  separated  in  a  floc- 
culont  state  resembling  hydrated  alumina,  which  when  dried  fomu 
a  brittle,  greyish,  horn-like  mass.  Carbonic  acid  also  precipitates 
the  solution,  as  do  sugar,  salt,  and  even  copious  dilution  with  wata. 

The  solution  of  cellulose  in  Schweitzer's  reagent  is  dccump086d 
by  dialysis.  It  is  /reorotatory,  a  1  per  cent,  solution  showing  a 
specific  rotation  of  —20°  for  the  light  transmitted,  which  bean  to 
the  sodium  ray  the  ratio  1 :  1  '85.  The  optical  activity  is  not 
strictly  proi)ortional  to  the  cellulose  dissolved,  increasing  somewhat 
nLore  slowly  than  the  concentration  of  the  solution.  Cellnloae 
from  different  sources  exhibits  the  same  optical  activity. 

737.  According  to  Fremy,  three  varieties  of  cellulose  exis^  aQ 
of  which  are  soluble  without  coloration  in  cold  sulphuric  acid  of 
1"78  specific  gravity,  to  form  a  solution  which,  after  dilution  Tfitli 
water  and  boiling,  is  found  to  contain  glucose ;  they  arc  distinguialiwl 
by  their  behaviour  with  the  cupric  solution  ;  thus  : — 

'  The  nctian  of  lutimoniacii]  wlutions  of  oupriv  uiil  xinc  oxides  on  eeUoloM 
lim  beoa  a|>pUed  on  a  large  scale  by  C.  R.  Aider  Wrigbt  to  the  mumfsctan  o( 
tho  "Willcadeu"  products  (Jour.  Soc.  Clum.  Ind.,  iii,  121). 
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a.  Celhdose ;  constituting  tlia  greater  part  of  cotttm  and  the 
atricultu  tissue  of  certain  fruits,  as  the  apple,  is  diesolved  imme- 
diately by  the  cuprio  reagent. 

b.  Paraedlulniie ;  forming  tile  epidermis  of  leaves  and  the 
utricular  tissue  of  certain  roots,  is  not  soluble  in  the  cupric  solution 
till  after  boiling  with  very  dilute  hjilrochloric  acid. 

c  Metaedluiosfi,  otfunyin;  found  chiefly  in  agarics  and  lichens, 
is  not  dissolved  by  the  cupric  i«agc»t  even  after  treatment  vith 
acid,  bnt  is  easily  soluUe  in  nitric  acid  and  in  hypochlontea,  aiid  ]» 
disUngiiished  from  the  a  and  b  varieties  of  cellulose  by  its  solubility' 
in  cold  sulphuric  acid  diluted  with  4  or  5  etiuivalents  of  water. 

738.  Cellulose  is  not  altered  by  cold  dilute  alkaline  solutions, 
but  in  concentrated  caustic  potash  or  soda  it  swells  up  and  gradu- 
oCy  dissolves,  being  apparently  converted  into  dextrin  and  ulti- 
mately into  sugars.  Cellulose  absorbs  an  appreciable  amount  of 
barium  hydrate  when  immersed  in  dilute  baiyta  water, 

Sy  heating  to  a  high  temperature  with  caustic  potftsh,  cellulose 
yields  mothylic  alcohol  and  potassium  oxalate. 

When  heated  with  a  solution  of  a  hypochlorite  containing  free 
alkali,  or  witli  soda  and  a  ferrieyanide,  cellulose  forms  oxidation- 
products  which  are  solu1)le  in  the  alkaline  liquid. 

739.  Cellulose  does  not  undergo  the  ordinary  alcoholic  fenncn- 
tatiou  with  yeast,  hut  in  presence  of  a  little  albuminoid  matter  it 
is  converted  by  the  ferment  of  the  pancreas  into  acetic  and 
iso butyric  acids,  methane  and  carbon  dio.tide  being  simul- 
taneously evolved  (Tiippciner,  Ber.  xvi,.  1734). 

740.  If  cotton-wool  or  filter-pupcr  be  heated  at  180°  C.  for 
several  hours  witli  about  six  or  eight  [■arts  of  acetic  anhydride, 
it  is  entirely  dissolved  and  converted  into  a  triacetate, 
CgHY(CjH,0)gOj,  which  may  be  separated  by  pouring  the  syrup 
into  water;  it  is  a  white  pow'dcr,  optically  inactive,  soluble  in 
strong  acetic  or  sulphuric  acid,  and  very  readily  converted  into 
cellulose  and  potassium  acetate  by  boiling  with  dilute  caustic 
potoali.     Other  aeetyUlerivativoH  of  cellulose  have  been  obtained. 

'i\,  HvDRocBixULosE,  CijHj^Ojj,  IB  the  product  of  the  action 
of  mineral  acids,  {n.y.,  sulphuric  acid  of  1-42  sp.gr.,  or  fuming 
hydrochloric  acid)  and  many  other  reagents  on  cellulose.  It  always 
retains  the  form  of  the  cellulose  from  which  it  is  derived,  biit 
differs  therpfrom  in  being  extremely  friable,  more  readily  aftected 
by  reagents,  and  in  the  readiness  with  wliidi  it  combines  with 
colouring  matters. 

Cellulose  undergoes  gradual  change  by  prolonged  boiling  with 
•Ulute  acids,  being  converted  into  hydrocelluloau,  and  is  even 
afliected  by  boiling  water  alone,  especially  if  heated  under  pressure. 
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742.  Cold  concentratod  eulphuric  acid  dissolven  cellulose,  eon 
verting  it  firet  into  a  body  ( )  hydroi^llulose)  which  gives  n  hlne 
I'olour  with  iodijie,  and  sivelJ*  up  in  water  without  diBsolving 
Jextrinoid  aubstoiwie  is  next  proi'iiiced,  and  if  the  liquid  be  then 
lat;gely  diluted  and  boiled,  sugant  are  formed  which  reduce  Fehlin^< 
solution.  If  cellulose  he  heated  with  concentrated  mlfihuric  actd, 
I'hamng  at  once  occurs. 

Ity  treating  celluIoBe  with  cold  sulphuric  acid  prvviously  diluted 
with  half  its  meamire  of  water,  it  is  converted  into  a  suhstuu 
lulled  amyloid,  whicli,  after  washing  with  cold  water,  is  exbt- 
ordinarily  tough.  This  iact  is  utilised  for  the  productiou  of 
"parchment  paper."  Chloride  of  zinc  may  he  enbatitnted 
for  the  sulphuric  acid. 

743.  Celluloec  is  not  coloured  by  iodine  solution  alone,  or  at 
only  nasiimes  a  yellow  or  browniah  colour,  but  in  presence  of  hydiiodic 
iicid,  potassium  or  zinc  iodide,  linc  chloride,  sulphuriu  or  phoBpfanie- 
acid,  it  iscoloured  blue  by  iodine.  Concentrated  sulphuric  acid  and 
zinc  chloride  especially  favour  the  productiou  of  tins  blue  ooknir, 
doubtless  owing  to  the  formation  of  amyloid.*  If  celliUoee  be  fint 
treated  with  one  of  the  above  reagents,  and  then  freed  from  it  ly- 
washing,  no  blue  colour  is  produced  on  adding  solution  of  iodi 

744.  By  treatment  with  cold  nitric  acid  of  1'42  sjtecilic  grtvitfi 
■;ellulose  is  remarkably  toughened,  without  losing  its  fllROilf' 
structure  or  becoming  nitrated-  With  stronger  acid,  cellolooe  U 
converted  into  nitro-substitution  products  which  an 
deaeribed  in  par.  773  ef  neg. 

By  boiling  with  moderately  mncentrated  nitric  iicid,  colluloas  ia' 
i^nverted  into  oxidation-products,  some  of  which  have  a  tJOH' 
.uialogy  to  the  original  substance,  but  differ  from  it  in  ccrtaa- 
remarkable  respects, 

74.5.  OxTCBLLULoaK  appears  t6  vary  Bomewliat  in  componycot' 
iiccording  to  the  mode  of  preparation,  but  an  apparently  definite 
substance  of  the  formida  CjgHjgO,g  was  obtained  by  Cross  aai 
Bevan  (Join:  See.  Cliem.  Irul.,  iii.  206)  from  several  diflereot 
sources.  The  ceUuloai'  was  boiled  with  nitric  acid  containing 
per  cent,  of  HUOj^  whereby  it  was  laigely  oxidised  to  oxalic  acul, 
but  yielded  30  per  cent  of  oxyceliuloae  in  the  fonn  of  a  fine  wlutB 
powder,  readily  soluble  in  dilute  alkalies  and  repreci  pi  table  tma 
the  solution  in  a  pectoua  form  on  addition  of  acids,  salts,  or  alcxifaoL 
Oxycellulose  dissolves  in  concentrated  sulphuric  acid  with  {KdIe 
iwloration,  and  yields  a  gummy  dextro-rotatoiy  substance  reBembUqg 

'  Schnlxe'a  reagent,  by  which  cellulose  is  coloured  blue,  ribj  be  pre 
by  lulding  6  grummes  of  iodine  nnd  tbe  Hame  weight  of  poUssium  iodld*  to 
100  c.c.  of  H  solution  of  rinc  chloride  of  1 '8  speoific  gravity. 
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iirtlinaiy  dextrin.  By  the  oution  of  conuentmted  nitric  nuiil  mixed 
with  sulphuric  acid,  nxyoellulose  yields  a  nitro-compoimd  of  thu 
forniulft  CigHjg(NO^,0,g. 

746.  The  action  of  hypochlorites  on  cellulose,  which  has  ait 
important  pmcticul  bearing  on  the  theory  and  practice  of  hleaching 
cotton  and  linen  goods,  has  been  studied  by  M.  G.  Witz.  By  the 
extreme  action  of  the  reagent,  the  cellulose  is  converted  intn  a  white 
friable  powder,  which  is  a  variety  of  oxycelluloae.  If  the  aution 
.if  the  bleaching  Holation  be  duly  controlled  the  cellulose  is  un- 
changed in  appearance,  but  is  now  found  to  be  remarkably  modified 
in  ite  relation  to  colouring  matters.  Thus  alt  the  basic  uool-tar 
dyes  (and  notably  methylene  blue)  dye  oxycellidose  without  requir- 
ing a  moiJant,  while  the  dyes  of  acid  character  do  not  exhibit  the 
sUgheat  affinity  for  it.  The  absorptive  power  of  OKyeelluloBe  for 
vanadium  \s  so  great  aa  to  withdraw  it  from  a  solution  containing 
only  (ine-billionth  of  the  metal,  and  the  combination  can  be  deraon- 
stTHted  by  printing  the  tissue  with  aniline-black  mixture. 

The  oxidation  of  cellulose  by  hypochlorites  seems  to  depend  on 
th«  presence  of  free  acid,'  rven  the  atmospheric  carbonic  acid 
having  a  notable  influence.  When  once  converted  into  oxycellu- 
lose,  no  reducing  agent  (e.;;.,  thiosulphate)  will  restore  the  fibre  to 
its  original  condition.  By  imntersing  dyed  oxycellulose-tissue  in 
A  bleaching  liquid,  the  (lye  cnn  be  made  to  disappear,  and  the  fibre 
can  be  re-dyed  of  any  colour  by  immersion  in  the  solution  of  a 
suitable  colouring  matter. 

When  an  oxycellulose-tissue  is  Iwiled  with  Fehling's  solution 
cuprous  oxide  is  formed,  and  becomes  deposited  in  firm  union  with 
the  fibre,  dyeing  it  an  orange  colour. 

747.  DBTEBursATioN  OF  Cbllulohx. 

In  consequence  of  its  occurrence  in  association  with  liodies  of  a 
idosely  allied  nature,  the  accurate  determination  of  cellidose  is  often 
a  tedious  operation,  and  some,  at  least,  of  the  processes  prescribed 
for  the  purpose  yield  arbitrary  rather  than  accurate  results. 

748.  From  Marrh,  cellulose  is  best  separated  by  boiling  the 
substance  with  water  containing  1  per  cent,  by  measure  of  sul- 
phuric acid.  The  liquid  is  filtered  when  a  drop  taken  out  gives  no 
coloration  with  iodine  solution.  In  cases  where  the  use  of  acid 
is  objected  to,  the  substance  should  be  boiled  with  water,  and  the 
iinfiltered  liquid  mixed  with  an  equal  measure  of  cold  infusion  of 
malt.  The  starch  will  be  whoUy  dissolved  by  keeping  the  liquid 
at  a  temperature  of  60°  C.  for  a  short  time. 

'  1(  pai>6r  be  vrritlen  on  with  n  anlution  of  poUaaiura  rhlorate  acidulsted 
with  bydrochloric  add,  oityceUnloso  is  fortnod,  and  on  immersing  the  paper  iu 
m  Mlution  of  a  basic  CMl'tar  dye  the  writing  will  apiiear  in  coloar. 
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749.  The  eeparation  of  cclluloatt  from  tnijar,  dextrin,  and  otWr 
Hul)stances  Holuble  in  water  preeentB  no  Jiffieolty.  Albuminavit, 
tiuiy  be'  separated  by  treatment  with  wann  water  cuntuining  1  per 
cent,  of  caustic  alkali.  Tliey  may  be  deterniined  by  igniting  Utt 
substance  with  soda-Iiuic. 

750.  For  the  determination  of  cellulose  in  wood,  vegetabli 
f  i  b  T  o  a,  and  Gubatauccs  to  be  used  for  the  nitinufacture  of  paper, 
MUller  roeummends  the  following  process  : — 5  grammes  weight  ol 
the  finely-divided  subataDce  is  boiled  four  or  five  times  with  i 
using  100  e.c.  each  time.  The  residue  is  dried  at  100°  C,  weighed, 
and  exhausted  with  a  mixture  of  equal  measures  of  benzene  and 
stning  alcohol,  to  remove  fat,  wax,  resiji,  &c.  The  residue  is  agsil 
dried,  and  boiled  several  times  with  water  to  every  1 00  c, 
which  1  c,c.  of  strong  ammonia  has  been  added.  This  treat 
removes  colouring  matter  and  pectous  substances.  The  residue  a 
further  bruised  in  a  inortar,  if  necessary,  and  is  tlien  treated  ii 
cloeed  bottle  with  250  c.c.  of  water,  and  20  e.c.  of  bromine  water 
containing  4  c.c.  of  bromine  to  the  litre.  In  the  case  of  the  ' 
bark-fibres,  such  aa  flax  and  hemp,  the  yellow  colour  of  the  liquid 
only  slowly  disappears,  but  with  straw  and  woods  decoIorisatioD 
occurs  in  a  few  miuutes.  When  this  takes  place,  more  bronuBti 
water  is  added,  and  this  is  repented  till  the  ytillow  colour  rei 
and  bromine  can  be  detected  in  the  liquid  after  twelve  hotm. 
The  lic^uid  is  then  filtered,  and  the  residue  washed  with  water  uii 
heated  to  boiling  with  a  litre  of  water  containing  5  cc  of  strong 
anunonia.  The  liquid  and  tissue  are  usually  coloured  brown  by 
this  treatment.  The  imilissolved  matter  is  filtered  off,  waahed,  and 
again  treated  with  bromine  water.  When  the  action  seems  com- 
plete, tlie  residue  is  again  heated  with  ammoniacal  water,  ^^lis 
second  treatment  is  sufficient  with  the  purer  fibres,  but  the  operation 
must  be  repeated  as  often  as  the  residue  imiiarts  a  brownish  tint  to 
the  alkaline  liquid.  The  cellulose  is  thus  obtained  as  a  pure  white 
body.  It  is  washcjl  with  water,  and  then  with  boiling  alcoholt 
after  which  treatment  it  may  be  dried  at  100°  C.  and  weighed. 

751.  Bevan  and  Cross  {Ohem..  Newg,  xlii.  77),  aubatitnte  ■ 
treatment  with  chlorine  gas  for  the  repeated  digestion  with  dilute 
bromine  water  prescribed  in  the  foregoing  process.  A  single  repeti- 
tion of  the  treatment  is  then  always  suflSeient,  and  the  re 
obtained  are  concordant  with  those  given  by  the  bromine  prtMeu 
Bevan  and  Cross  also  find  that  by  boiling  the  chlorinated  fibre  for. 
a  few  miuutes  in  a  5  per  cent,  solution  of  sodium  sulphite,  and 
then  in  a  I  per  cent,  solution  of  caustic  potash,  pure  ceUuloae  is  at 
once  obtained, — the  results  by  this  method  being  5  |ier  cent,  higbT' 
than  those  yielded  by  MuUcr's  process. 
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752.  Analysis  of  Woody  Tissues. 

Cellulose  is  associaU'il  in  wofnly  tissiios  witli  ligntoiis,  cuticular, 
and  intercellular  Iwdics.  These  have  the  following  analytic4il 
characters : — 

753.  LiOKiH,  YABCiTLoaK,  or  ligneous  matter  cements 
the  filires  and  cells  together,  and  constitutes  the  hard  part  of 
woody  tissue.  The  harder  the  wooil  the  larger  the  proportion  of 
lignin  contained  in  it. 

Lignin  contains  more  cnrhon  than  cellulose,  having  the  com- 
iwsition  C^gHj^Og,  according  to  Fremy,  and  Cu,HjgOg  according  t" 
Sohapjie  (Pharm,  Jour.,  [3]  xiv.  52),  while  other  observers 
appear  to  liave  analysed  more  hydratcd  bodies.  It  is  doubtful 
whether  lignin  is  a  definite  comi)uund.'  It  is  a  light  yellow 
substance,  which  retains  the  structure  of  the  ti^ue  from  which  il 
has  been  prepared.  It  has  a  density  of  15,  and  is  Insoluble  in 
all  neutral  liquids,  as  also  in  cold  sulphuric  acid  of  r78  spccifii- 
gravity,  and  in  ammouio^cuprie  oside  solution.  It  is  also  undis> 
solved  by  alkalies  under  ordinary  conditions,  but  dissolves  when 
heated  with  them  under  pressure  at  1  30°  C,  with  formation  of  a 
brown  liquid,  from  which  acids  precipitate  black  flocks  of  a  uomplex 
composition.  By  fusion  with  caustic  potash  lignin  is  inimediately 
converted  into  u  1  m  i  c  acid,  while  cellulose,  when  similarly 
tniated,  yields  acetic  and  oxalic  acids.  The  acetii'  acid  produced  iu 
the  distillation  of  wood  apiieats  to  be  derived  chiefly,  and'  the 
methyl  alcohol  wholly,  from  the  vasculMc,  Treatment  with  dilute 
uitric  acid,  chromic  acid,  ]}ermanganatc,  chlorine,  or  bromine,  con- 
verts lignin  into  belies  soluble  in  dilute  alkalies,  and  partly  even 
in  water  and  alcohol.  The  products  are  resinous  acids,  of  which 
those  first  formed  are  nearly  insoluble  in  alcohol,  while  the  final 
products  are  soluble  both  in  alcohol  and  in  ether.  Lignin  under- 
;^oes  a  similar  change  by  atmospheric  nxidation,  as  observed  in  the 
decaying  of  wood. 

75'J.  The  presence  of  ligneous  matter  in  vegetable  tissues,  such  as 
ItBliip,  flax,  or  paper,  may  bo  detected  by  exposing  the  wet  substance 
lo  the  action  of  chlorin'.'  or  bromine,  and  then  immersing  it  in  a 

'  (See  abatraot  of  reaenrcliea  hy  M.  SiDger  in  Jour.  Cliem.  Sot.,  ilii.  1122), 
According  to  Erdmana,  pine  wood  congista  of  gluaolignoao,  CjoH^O,,, 
wliich  cna  Iw  obtained  pure  by  treating  the  Bnely-rasped  wood  nucouBively 
with  very  dilute  acetic  acid,  hat  water,  alcohol,  aad  ether,  Traces  if  cellulesv 
t,K  next  removed  by  Schweitzer's  reageut  when  pure  gliicolignose  remaine. 
This  is  a  glueoaide,  which  on  boiling  with  dilute  hjdrocliloric  aciil  yields 
glncoie  and  lignin.  Beute  bn.i  contirmed  Erdmann'a  formula  for  glncolignow, 
which  he  also  prepared  from  poplar  wood,  but  he  dilTcrB  from  Erdmann  aa  to 
tba  proportion  of  glucoae  formed  by  the  action  of  acid. 

mvou  I.  X 
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tieutrul  solution  of  sodiuiu  siilphite,  when  a  fine  purple  colomtdon 
will  ^K  produced. 

Ligneous  matter  is  generally  stated  to  be  capable  of  detection  bj 
moiBtenittg  the  siibRtance  vith  nn  aqueous  solution  of  aniline  snl- 
jihate,  wliirh  produces  an  intense  yellow  coloration.  More  accuintc 
observationa,  however,  have  shown  that  the  reaction  ie  really  de- 
pendent on  the  presence  of  products  of  the  Oxidation  of  cellulose, 
and  does  not  occur  if  the  tissue  has  been  previously  boiled  is  a 
solution  of  sodirun  sulphite. 

A  more  certain  and  delicate  test  for  vaeculose  consists  m 
moistening  the  tissue  with  a  solution  (J  per  cent.)  of  phjoro- 
glucinol,  and  then  adding  hydrochloric  acid,  when  an  intense  red- 
violet  coloration  will  be  produced  if  ligiun  be  present.  The 
phloroglucinol  may  be  replaced  by  resorcinol,  orcinol,  pyrocatecliol, 
and  similar  bodies,  but  they  are  less  convenient  and  reliable. 

According  to  Reichl,  if  woody  fibre  be  boiled  with  a  solution  of 
staimic  cldoride  mixed  with  a  few  drops  of  pyrogaUol,  a  fine  puiplo 
coloration  is  produced. 

755.  CUToaB,  or  cuticular  substance,  constitutes  the 
greater  part  of  cork,  and  the  fine  transparent  membrane  covering 
the  ex]>oacd  parts  of  vegetables.  It  contains  a  high  percentago  (^ 
carbon  (C  =  68-29;  H  =  8-95),  and  yields  suberic  aoid, 
CgHj^Oj,  iin  oxidation  with  nitric  acid  of  1"20  specific  ^^vity. 
Cuttwe  is  insoluble  in  cold  sulphuric  acid  of  1'76  specific  giavi^> 
and  in  the  ammonio-cupric  solution  which  dissolves  cellulose.  On 
the  other  hand,  it  dissolves  slowly  in  a  hot  dilute  solution  of 
^^odi^m  hydrate  or  carbonate,  fonaing  a  solution  from  which  aods 
precipitate  a  yellowish,  flocculent  substance,  fusible  below  100°,  sol- 
uble in  alcohol  and  ether,  and  having  the  same  composition  as  cutOWL 
If  the  alkaline  solution  be  saturated  with  common  salt,  a  cutose- 
iwap  rises  to  the  surface.  From  the  researches  of  Urhain,  cutosc 
appears  to  be  composed  of  stearocutic  acid,  C^gH^O^  with 
five  equivalents  of  oleocatic  acid,  CjjHi,|Oj. 

756.  Pkctosb  occurs  in  the  utricular  tissues  of  fruits  and  root& 
It  is  insoluble  in  water,  hut  is  converted  into  soluble  pectin 
hy  boiling  with  dilute  hydrochloric  acid.  The  solution  obtained, 
is  precipitated  by  alcohol. 

757.'  Calcidm  Pkctatb  forms  part  of  the  membrane  which 
binds  the  cells  together.  On  trcntment  with  cold  dilute  hydro- 
chloric acid,  pectic  acid  is  liberated,  and  this  may  be  dissolved  in 
dilute  alkali,  and  reprecipitated  by  an  acid. 

758.  The  following  table  gives  a  general  outline  of  the  method 
of  analysing  the  irutoluMc  portion  of  woody  tissue.     The  eomph 
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should  be  in  the  form  of  sawdust  or  shavings,  or  otherwise  finely 
divided: — 


An  aoluble  matter  having  been  preyionsly  removed  by  treatment  with  water,  the  sample  is 
dried  at  100",  and  exhausted  (preferably  in  a  Soxhlet's  tube,  par  82.),  with  ether,  and  then 
with  alcohol. 


Solution  i 
may     con- 
tain reitjw, 
eolouring 

determined 
by  weigh- 
ing the  re- 
sidue left 
on  evapora- 
tion. 


Residue. — Digest  with  cold,  very  dilute  hydrochloric  acid, 
treat  the  residue  with  a  cold  dilute  solution  of  caustic  soda. 


Wash,  and 


Solution  con- 
tains alkaline 
pecttUCf  from 
which  insolu- 
ble pt^ie  acid 
may  be  pre- 
cipitated by 
adding  HCl. 


Residue. — Boil  with  dilute  hydrochloric  acid. 


I  S  o  I  u  t  i  0  n.- 
Precipitate 
of  pectin  on 
addition   of 
alcohol. 


R  e  B  i  d  u  e. — Treat  with  cold  sulphuric  acid 
of  1*78  specific  gravity. 


Solution 
contains 
products 
formed 
from    the 
celliUou. 


Residue.— Boil  with  dilute 
caustic  soda  solution. 


Solution 
contains 
cuto$e. 


Residue  con- 
sists of  lignin^ 
soluble  in  alkali 
after  treatment 
with  dilute  nitric 
add. 


759.  An  alternative  method,  which  is  recommended  by  Urbain 
for  the  analysis  of  w  o  o  d,  consists  in  exliausting  20  grammes  of 
the  sample  with  ether  and  alcohol,  then  by  distilled  water,  and 
by  water  made  slightly  alkaline  by  potash  to  remove  soluble  sub- 
stances and  pedic  coinpoundsy  and  finally  with  very  dilute  hydro- 
chloric acid,  which  dissolves  the  lime  and  other  mineral  matters. 
The  purified  wood  is  weighed  and  treated  with  Schweitzer's  cupric 
solution,  and  the  residue  washed,  dried,  and  weighed.  The  loss  is 
cellulose.  The  residue  is  boiled  with  weak  hydrochloric  acid  for 
a  few  minutes,  and  again  repeatedly  treated  with  the  ammonio- 
cupric  reagent  to  dissolve  the  paracelhdose.  The  residue,  after 
washing,  consists  of  pure  vasctdose.  The  results  may  be  con- 
finned  by  dissolving  out  the  two  varieties  of  cellulose  together 
by  sulphuric  acid,  and  weighing  the  residual  vasculose,  or  by 
removing  the  vasculose  with  cold  dilute  nitric  acid,  boiling  with 
ammonia,  and  weighing  the  residual  cellulos(\  Some  varieties 
of  wood,  c.<7.,  boxwood,  yield  no  tnie  cellulose  when  analysed, 
the  insoluble  portion  being  composed  entirely  of  paracellulose  and 
vasculose. 

760.  Pith  parenchyma  contains  the  same  constituents  as 
wood,  and  may  be  analysed  in  a  similar  manner.  Purified  elder- 
pith  contains  37  per  cent,  of  cellulose,  38  of  paracellulose,  and 
25  of  vasculose. 
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The  following  figures  show  the  percentage  results  obtained  by 
Urbain  on  applying  the  foregoing  method  to  the  analysis  of 
typical  woods,  &c.: — 


Poplar,  . 

Oak, 

Box, 

Ebony, 

Iron-wood, 

Walnut  shell, 

Cocoa-nut  shell, 


Water  and  Cellulose  and        Vasculoee. 

Extractives.  Paracellulose. 

18  64  18 

19  63  28 
38  28  34 
45  20  35 
33  27  40 
31  25  44 
17  25  58 


761.  Cork  contains  cutose  in  addition  to  the  constituents  of 
wood.  After  purification,  the  cutose  may  be  estimated  from  the 
loss  of  weight  undergone  on  boiling  the  sample  with  dilute  caustic 
alkali  Urbain  found  in  common  cork : — water,  2 ;  matters 
soluble  in  ether  or  alcohol,  9  ;  matters  dissolved  by  water,  dilute 
ammonia,  and  dilute  hydrochloric  acid,  5 ;  cutose,  43 ;  vasculose, 
29  ;  cellulose  and  paracellulose,  12  per  cent. 

762.  Root-tissue  contains  paracellulose,  vasculose,  and 
often  pectose  in  addition.  The  last  may  be  dissolved  by  boiling 
the  purified  tissue  with  weak  hydrochloric  acid,  and  the  vasculose 
and  paracellulose  separated  as  before. 

763.  The  parenchyma  of  leaves  is  chiefly  cellulose,  and 
may  beseparated  from  the  epidermis,  fibres,  and  vessels  by  macera- 
tion with  water  or  by  treatment  with  Schweitzer's  cupric  reagent 
The  epidermis  is  composed  of  two  closely-united  membranes, 
the  outer  consisting  of  cutose  and  the  inner  of  paracellulose.  The 
latter  can  be  dissolved  away  from  the  former  by  treatment  with 
Schweitzer's  reagent  after  boiling  with  dilute  hydrochloric  acid,  or 
by  treatment  with  cold  sulphuric  acid  diluted  with  3  J  equivalents 
of  water.  The  petals  of  flowers  contain  the  same  insoluble 
constituents  as  leaves. 

764.  The  fibre  of  jute,  for  the  characteristic  constituent  of 
which  the  name  of  basfose  has  been  suggested,  presents  many 
peculiarities.  It  appears  to  consist  of  about  70  per  cent,  of  cellu- 
lose, with  a  considerable  quantity  of  a  body  allied  to  lignose. 
Jute  fibre  has  formed  the  subject  of  a  series  of  interesting  papers 
by  Be  van  and  Cross  (Chem.  News,  xlil  79,  91  ;  xliv.  64  ;  xlvii 
111  ;  Jour.  Sac.  Cliein.  hid.,  i.  129;  iil  206,  291  ;  Jour,  Chm. 
Soc,  xlii.  18). 

765.  Recognition  of  Vegetable  Fibres. 

As  vegetable  fibres,  when  thoroughly  bleached,  all  consist  of 
nearly  pure  cellulose,  chemical  tests  are  not  available  for  distin- 
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KTiisliing  one  kind  from  another ;  but,  owing  to  the  impoesibility 
of  wholly  removing  the  inurusting  matter  on  the  larf^e  scale,  it 
is  possible  to  distinguish  between  certain  fibres,  auch  as  cotton  uud 
linen. 

By  far  the  best  and  most  reliable  means  of  differentiating  vegi!- 
tBble  fibres  is  to  examine  tlieir  atructitre  Vith  a  mifryseopic  powur 
of  X20  to  150  dianietera 

766.  The  filaments  of  cotton  appear  under  tlic  mici'oscope  rg 
transparent  tubes  about  '04  millimetre  in  diameter,  flattened  and 
twisted  round  their  axis,  and  tapering  off  to  a  closed  point  at  each 
end.  A  aetifion  of  the  filament  resembles  somewhat  a  figure  of  8,  the 
tube,  originally  cylindrical,  having  coUa^iSL'd  most  in  the  middle. 
forming  semi-tubes  on  each  side,  which  give  to  the  fibre  when 
viewed  iii  certain  lights  the  apjjearaiiee  of  a  flat  ribbon  with  ii 
hem  or  border  at  each  edge.  The  uniform  transparency  of  the 
filament  is  impaired  by  small  irregidar  figuruH,  in  all  probaliitity 
wrinkles  or  creases  arising  from  tlie  dessicatiun  of  the  tube.  Thf 
twisted  and  corkscrew  form  of  the  dried  filament  of  cotton  distin- 
^ishoB  it  from  all  other  vegetable  fibres,  and  is  characteristic  of 
the  fully  ri[«  and  mature  pod,  M.  Bnuer  having  ascertained  that 
the  fibres  of  the  unripe  seed  are  simply  luitwisted  cylindrical 
tubes,  which  never  twist  aftt-rwarda  if  separated  from  the  plant ; 
but  when  the  seeds  ripen,  evcti  before  the  capsule  bursts,  the 
cylindrical  tubes  collapse  in  the  middle,  and  assume  the  fonn 
already  described.  This  form  and  character  the  fibres  always 
retain,  undergoing  no  change  through  the  various  opemtiona  of 
spinning,  weaving,  bleaching,  printing,  and  dyeing  nor  in  all  the 
Bnbsequeot  domestic  processes  of  washing,  &c.,  and  even  the 
reduction  of  the  rags  to  pulp  for  the  manufacture  of  paper  efi"eotB 
no  cliangc  in  the  structure  of  the  fibres. 

767.  Linen,  or  flax  jibre,  appe^ra  under  th,e  microscope  as  hollow 
cylindrical  tubus,  open  at  both  ends,  and  having  a  diameter  of 
about  -02  of  a  milliiueti-e.  The  fibres  ai'e  smooth,  the  inner 
tube  very  narrow,  and  joints  or  septa  appear  at  intervals,  but  they 
ore  not  furnished  with  hairy  appendages  as  is  the  case  with  hemp. 
The  jointed  structure  of  flax  is  only  perceptible  under  a  very 
excellent  instrument,  and  with  judicious  management  of  the  light. 

When  flax  fibre  (linen)  is  immersed  in  a  boiling  solution  ol 
equal  parts  of  catistic  potash  and  water  for  about  a  minute,  and  then 
removed  and  pressed  between  folds  of  filter  paper,  it  assumes  a 
dark  yellow  colour,  whilst  cotton  when  similarly  treated  eitlier 
remains  white  or  becomes  a  very  bright  yellow,  The  same  solution 
of  potoah  employed  cold  colours  raw  flax  omnge-yeUow,  whilst  raw 
cotton  becomes  grey. 
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Wlien  flax  or  a  tissue  nmde  from  it  is  immereed  in  oil,  nnil 
ihen  strongly  preKseil  to  remove  the  exceaa  of  the  liquid,  it  remains 
transparent,  while  cotton  similarly  treated  becomes  o]>aqua. 

768.  Pbonnium  tenor-,  or  New  Zealand  flax,  may  be  dis- 
tinguisbed  from  onlinary  flax  ot  hemp  by  the  red  colour  produia.'d 
on  immersing  it  in  nitric  acid  of  1"32  sp.  gravity,  containing  lower 
oxides  of  nitrogen.  A  reddish  colour  is  also  developed  if  New 
yIeaJand  flax  be  imnieraed  first  in  strong  chlorine  water  and  then    , 


In  machine-dressed  New  Zfotavd  Jfar  the  bmidlea  are  trans- 
lucent and  irrogularly  covered  with  tissue.  Spiral  fibres  can  U- 
detected  in  the  bundles,  but  leaa  numerous  than  vrith  sial.  Tb* 
bundles  are  flat,  and  numerous  ultimate  fibres  project  from  them. 
In  Maori-prepared  Phorviium  the  bimdles  are  almost  wholly  freo  j 
from  tissue,  and  there  are  no  spiral  fibres. 

769.  H'fiii]}  fibre,  resembles  flax,  but  has  a  mean  diameter  iif 
about  '04  mm.,  and  exhibits  small  haicy  appendages  at  the  joints. 

With    vmnilla    hemp    the    fibrous    bundles    are    oval,    nearly 
opaque,  and  auiTounded  by    a  considerable  quantity   of    dried-iip 
cellidar  tissue    composed  of  rectangular   cells.     The  bundles   U6 
smooth,  very  few  partly  detached  idtimate  fibres  are  seen,  and  uo  , 
spiral  tissue.  i 

770.  Sizal  forms  oval  fibrous  bimdles  surrounded  by  oellnlai 
tissue ;  a  few  smooth  idtimate  fibres  projecting  from  the  bundles 
Sizal  is  more  translucent  than  maniUa,  and  is  characterised  hj  the 
large  quantity  of  spiral  fibres  mL'ced  up  in  the  bundles. 

771.  Jute  fibre  appears  under  the  microsco[>e  as  bundles  of 
tendrils,  each  of  which  is  a  cylinder  with  irregularly  thickened 
walls,  the  thickening  often  amounting  to  a  partial  interruption  of 
the  central  himen.  The  bundles  ofier  a  smooth  cylindrical  surface, 
to  which  fact  the  silky  lustre  of  juto  is  due,  and  which  is  much 
increased  by  hleafhing.  By  the  action  of  sodium  hypochlorite,  the 
l)nndles  of  fibres  can  be  disintegrated  so  that  the  single  fibres  can 
be  more  readily  distinguished  under  the  microscope.  Jute  i» 
coloured  a  deeper  yellow  by  aniline  sulphate  than  is  any  other 
fibre,  and  responds  strongly  to  the  brouiine  and  sul]>hite  test 
(par.  764). 

In  examining  fibres  under  the  microscope  the  tissue  should  be 
cut  up  with  sharp  scissors,  placed  on  a  glass  slide,  moistened  with 
water,  and  covered  with  a  piece  of  thin  glass. 

772.  Gellulosic  Nitrates. 

Nitric  acid  of  1-2  sjiccific  gravity  has  little  or  no  actico  6a  J 
cellulose  in  the  cold,  hut  when  heated  converts  it  into  oxuHftJ 
acid,  oxy-cellulose,  and  other  products. 
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With  cold  nitric  acid  of  greater  Btrength  cellulose  is  converted 
into  various  nitro-sulistitution  products  or  cellulosic  nitrates,  the 
constitution  of  whfch  depends  on  the  strength  of  the  ncid 
employed.  Thus,  with  acid  of  moderate  strength  {r45  specific 
gravity),  monon  itro-cellul  ose,  CBHa(N0j)0j,  is  the  cliief 
product.  With  a  mixture  of  equal  volumes  of  atrang  sulphuric 
acid  {r85  specific  gravity)  and  nitric  acid  of  1  '42  specific  gravity, 
dinitro-cellulose  CttHg(NOj)jOs  (pur.  774.)  is  obtained; 
while  if  the  strongest  nitric  ucid  be  employed  and  strong 
sulphuric  acid  also  added,  the  product  is  trinitro-celluloee, 
C^(N0,),05,>(par.  779.) 

All  the  cellulosic  nitrates  are  soluble  in  strong  caustic  soda, 
undergoing  partial  saponification  with  formation  of  cellulose  and 
sodium  nitrate.  Concentrated  sulphuric  acid  displaces  the  nitric 
acid  almost  completely,  even  in  the  cold.  By  the  action  of  reduc- 
ing agents,  such  as  ferrous  chloridtt  or  acetate  or  potassium 
sulphydrate,  the  cellulosic  nitrates  are  converted  into  celluloee 
even  by  digestion  at  the  ordinary  temperature.  By  boiling  with  a 
solution  of  stannous  oxide  in  caustic  potash,  the  nitro-celluloses  are 
diasolved  with  conversion  into  cellulose,  which  is  precipitated  in 
flocks  on  neutralising  the  liquid  (see  also  par.  784). 

773.  The  mYn>  peroxid';  NOj,  contained  in-  specimens  of 
nitrocellulose  may  be  determined  by  reducing  the  substance 
with  a  ferrous  salt,  and  measuring  the  nitric  oxide,  NO,  evolved. 
(Champion  and  Pellet,  Comp.  ifTid.,  Ixxxiii.  707).  A  flask  of  250 
cc.  capacity  is  fitted  with  a  caoutchouc  stopper,  through  which  pass 
two  tubes,  one  leading  to  a  pneumatic  tro\igh,  while  the  otlier  is  a 
fimnel-tube  drawn  out  to  a  point  and  provided  with  a  tap.  The 
|)ortion  of  this  tube  lielow  the  tap  is  filled  with  distilled  water, 
while  the  funnel  itself  contains  about  50  c.c.  of  a  mixture  of 
hydrochloric  and  sulphuric  acids.*  0'.5  granmie  of  the  sample  is 
placed  in  the  flask  together  with  akiut  5  grammes  of  ammonio- 
ferrous  sulphate  and  50  c.c.  of  water.  The  flask  is  then  closed 
and  the  liquid  boileil  till  the  air  is  expelled.  The  acids  in  the 
fuiinn!  are  then  allowed  to  nui  slowly  into  the   flusk,  when  the 


■  Carioasly  discre])ant  atatemeuta  nrc  mocle  u!  to  tiie  aatioa  of  solvent* 
on  the  nitro-i^llaloBeB.  Several  clientiats,  in  addition,  deny  tliat  any  more 
high];  nitrated  product  can  le  obtained  tliim  corresponds  to  the  formaU 
C,5Hu(N0j),0i„,  or  according  to  Vieille  {Corapl.  rend.,  xcv.  132)  G„Hn 
(NO,)„Ogo,  bnt  Abel  has  shown  that  the  prepnnittona  to  which  the  first  of  these 
formulte  w»s  ascribed  bad  been  imiierfeotly  pnr£fie<L  On  the  whole,  the 
hklance  of  eTldencc  seems  in  favour  of  the  ronnilla  fs^ven  in  the  text 

'  Instead  of  the  appHfatus  described  in  the  text,  that  ahovn  on  page  148 
■      i»y  be  very  conveniently  employsd. 


328 


COLLODION. 


boiling  is  continued  as  long  as  gas  is  evolved.  The  nitric  oxide 
gas  liberated  is  (xdlected  over  soda  aolutiim,  its  volume  nieaaured, 
corrected  for  pressure  and  temperature,  and  cdlculatud  to  weight 

The  niimlwr  of  cubic  centimetres  of  gas  at  0'^  C.  and  760  mm 
preBfluro  multiplied  by  0'62693,  gives  the  weight  of  nitrogen  iu 
millLgmmmes,  which,  uiultiplied  by  1  "72649,  gives  the  equivalent 
weight  of  NOj. 

The  nitric  peroside  in  gun-cotton  mny  be  determined  by  treating 
the  sample  with  sulphuric  acid  and  mereuiy,  as  in  Cnini'a  prooen 
of  estimating  nitrates  in  water..  If  conducted  in  a  nitrometer,  and 
the  volume  of  gas  compared  with  that  yielded  by  a  etandud 
8ami>le  or  nitre  solution,  ae  suggested  by  the  writer  (Anaiyii, 
T.  181),  the  process  is  very  simple.  A  weighed  quantity  of  the 
gun-cotton  is  placed  in  the  cup  of  the  nitrometer,  and  there 
diasolved  in  concentrated  sulphuric  acid.  The  resultant  solution  is 
then  allowed  to  enter  through  the  tap  and  is  agitated  with  the 
mercury. 

774.  DiNiTRo-oKLLULosB,  CjHg(N03)^(.>s,  or  CisH,g(IsO,)jOj» 
ronstitutss  the  jryrorylin  of  the  liritish  Phamiacopceia,  and  drffeis 
from  the  mono-  and  the  triiiitro-deriva lives  by  being  soluble  in  ■ 
mixture  of  three-measures  of  ether  and  one  of  rectified  spirit 
employed  in  the  proportion  of  48  e.e.  to  1  gramme  of  pyroxylin. 
The  solution  thus  obtained  is  known  ascollodion  {Coltodnim, 
B.P.),  and  is  a  colourless  liquid,  which  rapidly  evaporates  on 
'!Xp03ure  to  the  air,  leaving  a  transparent  film  of  liiiiitro-cellulosp. 
insoluble  in  water  or  rectified  spirit. 

Pyroxylin  is  also  soluble  in  acetone  and  in  glacial  acetic  acid, 
and  is  precipitated  in  very  voluminous  flocks  on  diluting  either  uf 
these  Bulutions  with  water. 

775.  Collodion  receives  one  of  its  principal  applications  in 
photography.  It  is  now  employed  in  the  form  of  an  emuHon 
for  the  preparation  of  ilrj'  plates.  In  addition  to  the  coustituenta 
of  the  collodion,  these  emidsions  generally  contcun  atgentic  chloritlc, 
hromide  or  iodide,  with  the  products  of  their  formation  frora  silver 
nitrate  and  the  haloid  componnds  of  potassium  and  sodium.  On 
ililutiug  the  emulsion  with  water  and  filtering  from  the  precipitated, 
pyroxylin  and  insoluble  silver  salts,  excess  of  ai;f!entie  nitrate  m«j 
he  detected  by  the  addition  of  hydrochloric  acid  to  a  portion  of  the 
filtrate,  and  excess  of  alkaline  bromides,  Ac.,  by  adding  silver 
nitrate  to  the  remainder,  of  the  solution.  From  the  pKcipitata, 
after  washing  with  alcohol,  the  pyroxylin  may  be  ilissolved  out  by 
■ligostion  with  ether-alcohol,  and  the  insoluble  silver  salts  dried, 
weighed,  and  further  examined.  Some  collodion  emidsions  contain 
wood  spirit  and  acetic  acid,  and  various  eensitiseia  or  pnaorvu^  ■ 
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agents  are  liable  to  be  present.  Among  thcwe  said  to  be  more  com- 
monly useil  itre  gallic  acid,  pyrogailol,  tannin  solutions  (such  ae 
tea  and  cofTee  iufusions),  cinchonine,  ume  sugar,  glucose,  glycerin, 
albumin,  gelatin,  and  resins,  especially  colophony  and  shellac 

776.  Celluloid,  or  "  artificial  ivorj',"  is  prepared  on  a  large  scale 
by  treating  pyroxylin  with  melted  camphor  or  spirit  of  camphor, 
or  by  the  simultaneous  action  of  methyl  or  ethyl  alcohol  and 
camphor  on  pyroxylin.  Various  colouring  agents  and  inert  matters 
may  also  be  present. 

777.  Celluloid  cannol  be  caused  tu  explode  by  heat,  friction,  or 
percussion.  When  brought  in  contact  with  flame  it  bums  like 
paper,  and  continues  to  smoulder  aft«r  the  llame  is  extinguished, 
the  camphor  being  distilled  off  with  production  of  thiclv  smoke, 
while  the  nitro-cellulose  undergoes  incomplete  combustion. 

778.  Celluloid  dissolves  in  warm  moderately  concentrated 
sulphuric  acid,  but  is  carbonised  by  the  strong  acid.  It  is  readily 
soluble  in  glacial  acetic  acid,  and  on  diluting  the  solution  with 
water  both  camphor  and  pyroxylin  are  re  precipitated.  It  is  rapidly 
soluble  in  warm  modcrBtely  concentrated  nitric  acid  (4  volumes  of 
fuming  acid  to  3  of  water),  and  is  also  dissolved  with  ease  by  a 
hot  concentrated  solution  of  caustic  soda.  Ether  dissolves  out  the 
camphor  from  celluloid,  and  wood  spirit  behaves  similarly.  Ether- 
alcohol  (3:1)  dissolves  both  the  nitro-cellulose  and  camphor, 
luaving  the  colouring  and  inert  matters  as  a  residue.  The  ash  of 
celluloid  ranges  from  1'3  M  21  jier  cent,  and  the  density  from 
1-310  to  1-393. 

779.  Tbinitrcmmllulosb,  CbH,(K0j)3Uj,  or  C,iH„(N0j),0ii^  is 
obtained  by  treating  cellulose  in  the  cold  witli  the  strongest  nitric 
acid  (1'52  specific  gravity)  mixed  with  two  or  three  times  its  bulk 
of  concentrated  sulphuric  acid.  Tlie  product  is  thrown  into  water 
and  washed  with  scrupulous  care.  Trinitro-cellulose  retains  the 
iarra  and  appearance  of  the  origuial  cellulose  from  which  it  is 
prepared,  but  is  found  to  have  lost  the  property  of  dejKilarising 
light  It  is  somewhat  hygroscopic,  and  Tjecomes  highly  elei:trieal 
when  rubbed  or  pulled  out  briskly.  Trinitro-ceUulose  is  insoluble 
in  water,  alcohol,  ether,  and  all  mistui-es  of  alcohol  with  ether. 
It  is  dissolved,  however,  by  a  mixture  of  ether,  ammonia,  and 
potash,  and,  according  to  some,  by  methyl  or  ethyl  acetate  (aci^tic 
etlier),  but  this  is  most  probably  a  mistake.  In  dilute  acids  it  is 
insoluble. 

Trinitro-cellulose  is  dyed  by  rosaniline,  indigo,  &c.,  in  the  same 
manner  as  arc  animal  fibres. 

Trinitro-ceUulose,  if  ilry,  inflames  when  a  light  is  applied,  and 
)  wcy  rapidly  with  a  laige,  luminous,  aud  wholly  smokeless 
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flame.     When  subjected  to   strong  percusaion  it  detonates  witli 
extreme  violence,  whether  it  "be  wet  or  dry. 

780.  Gun-cotton,  when  carefully  niaile,  conaiste  ohnost  wholly 
of  trinitro-cellnlose.  It  may  be  pimlied  from  foreign  matters  and 
lower  uitrojerivatives  by  treatment  with  ether-alcohol  (3  to  1). 

781.  Thk  Assay  of  Gun-cmttom  is  sometimes  of  importanca 
with  a  view  of  judging  of  its  tendency  to  decompose.  Pii» 
trinitro-celluloaa  will  keep  indetinitely,  but  the  presence  of  fre*; 
acid,  dinitro-celluloae,  or  fatty  or  waxy  matters,  renders  it  more  or 
less  nnetable,  ami,  therefore,  imsofe. 

782.  Friv  acid  may  be  detected  by  ti'eating  20  grarumes'  weight 
of  the  gun-fotton  with  50  c.a.  of  cold  water.  After  twelve  houiv 
the  water  may  be  pressed  out,  filtered,  and  tested  with  litmus 
paper.  If  any  trace  of  acidity  be  detected  25  c.c.  of  the  liquid 
may  then  be  titrated  with  decinormal  caustic  alkali.  The  n- 
mainderpof  the  liquid  may  be  employeil  to  ascertain  the  nature  of 
the  free  acid.  If  xidphiiric  aciil  be  present,  a  amaU  fragment  of 
filter  paper  immersed  in  the  solution  will  be  charred  on  cvaporatuig 
the  liquid  to  dryness  at  100°  C.  If  nifric  acid  he  the.  frue  acid,  it 
may  be  detected  by  mixing  the  liquid  with  an  equul  bulk  of  pure 
sulphuric  acid,  cooling  thoroughly,  and  placing  a  crystal  of  ferroiu 
sulphate  in  the  mixture.  A  brown  tint  will  be  developed  in  Ih* 
neighbourhood  of  the  ci'yatal,  if  any  nitric  acid  or  nitrates  bs 
present 

783.  Dinitru-epliuloae  and  foreign  nitrtKonipnunds  may  1» 
detected  by  treating  5  grammea  of  the  sample,  previously  dried  at 
100°  C,  with  100  c.c.  of  a  mixture  of  three  parts  of  ether  and  one 
of  rectified  spirit.  The  mixtuie  is  shaken  frequently  during  tweivs 
hours,  and  is  then  rapidly  filtared  through  loosely -packed  glaas-woolt 
the  filtrate  eva]iorated  ut  a  gentle  hent,  and  the  residue  weighed. 

784.  Unalteri'd  celhilose  may  be  estimated  by  treating  the  gun- 
cotton  left  undissolved  by  the  ether-alcohol  with  acetic  ether, 
which  dissolves  thu  trinitro-cellulose  nnd  leaves  the  unchanged 
cotton.  An  alternative  plan  is  to  prepare  a  solution  of  sodium 
stannitc  by  adding  caustic  soda  tci  a  solution  of  stannous  chloridt 
till  the  precipitate  at  first  formed  is  jiiat  redisaolved.  The  liquid 
thus  obtained,  when  boiled  with  gun-cotton,  dissolves  the  nibo- 
(wrapounds,  without  affecting  the  unchanged  cellulose. 

785.  The  nitrir  peroxide,  SOj,  contained  in  samples  of  gun- 
cotton  may  bo  determined  as  described  in  par.  773. 

786.  The  a»h  of  gun-cotton  may  lie  determined  by  melting  MHM 
pure  paraffin  wax,  at  a  gentle  heat,  in  a  platinum  capsule, 
a  known  weight  of  the  sample,  and  igniting  from  above. 
mixture  hums  quite  gently. 
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787.  iSonie  varieties  of  giiii-cntton  contain  metallic  mti-aien, 
thoae  of  potassium  and  barium  being  usually  emi>l(iyed.  Potae- 
sium  and  sodium  ehloralcs  may  eiIso  lie  found.  Such  admisturee 
may  bo  removed  by  treating  the  sample  with  water,  and  recognised 
in  the  filtered  solution  by  the  methods  of  mineral  analysis, 

788.   STABCH.      (CgEjoOJw.' 

Fi-i'iir!, — Ftcule.  German — Starke. 

Staccii  is  found  in  cells  in  every  jiart  of  plants,  except  in  thi^ 
top  of  the  bud  and  the  extramity  of  the  rootlets.  Altiough  an 
especially  characteristic  product  of  the  vegetable  kingdom,  starch- 
like substances  are  also  met  with  in  certain  parte  of  animals. 

789.  Pure  starch  is  a  white,  glistening,  tasteless,  and  odourless 
powder.  It  is  lixcd  iu  the  air,  and  ia  not  vohitile  or  crystallisable. 
Ordinary  air-dried  starch  contains  about  18  per  cent,  of  water,  a 
proportion  corresponding  to  the  formula  CgH,|jOB+2HjO.'  Wlien 
dried  in  vacuo  the  product  contains  CgHj^Oj+HjO,  and  by 
heating  to  100°  or  110^  C.  in  a  current  of  dry  air,  anhydrous 
starch  is  olitained  as  a  highly  hygroscopic  powder. 

790.  Starch  is  not  dissolved  without  change  by  any  known  sol- 
vent.^ It  is  quite  unacted  on  by  cold  water,  alcohol,  or  ether.  "When 
heated  with  water  to  a  temperature  varying  according  to  the 
origin  of  the  stareh,  it  swells  up  and  forms  a  paste.     When  the 

'  NrtRsli  attributtB  to  storth  the  fonimla  CmH„Oj„  +  5H,0  -  SC,R,sO„,  H,0. 
Sachiwe  regards  onliQary  starcli  bs  a  liydrato  of  the  comjioaition  C^U^O^.HjU 
-l-12A<|.  Both  these  iuTestigatnra  ground  their  opioioii  an  the  amoant  of 
sngnr  prodnced  by  the  ai^tiou  OC  acid,  but  Schulie  haa  gone  into  the  lubject 
very  cMefully  aud  tally  confirms  the  empirical  fonnula  HinHjoO,.  Salomon 
obtained  111  per  uenl  ofdsxtrose  from  potato  starch,  which  points  to  afortaula 
of  ;kC,H]„Ob  :  but  from  ri<.'e  starch  he  coajd  only  obtain  107  per  cent,  of  dei- 
troie  togetlierwith  i  percent,  of  other  products.  Pfeiffarand  Tollens  attribute 
to  starch  the  formula  C,fH4,0„,  or  CuHuO^,  and  deduce  this  from  the.coni- 
position  of  the  sodium  and  potassium  coniponnds,  whith  contain  raapcctivaly 
S'H  per  cent,  of  Na,  and  5'25  per  cent,  of  K  ;  but  on  the  other  hand,  they 
consider  dextrin  nn<l  innlin  to  have  the  composition  Ci,H,„Oii,  or  CgjHc^n. 
■0  that  the  molecalen  of  starch  aud  innlin  are  not  of  the  same  si^e.  The 
experimenta  of  Browii  and  Heron  point  to  the  presence  of  C^,;  in  the  molecule 
of  starch, 

'  According  to  Bungener  and  Fiina  {DInyt.  FolijL  Juur.,  eozliz.  133)  boiling 
irater  containing  1  per  eent.  of  salicylic  acid  readily  dissolves  starch,  formiufi 
a  thiok  spupy  mass,  which,  on  cooliiifc,  deposits  "tabular  cryslals  of  starch." 
V  finely  ground  barley  bo  boiled  for  three  quarters  of  an  hour  with  30  parts  of 
(rater  containing  I  per  cent,  of  salicylic  acid,  and  the  hot  opnlesceot  liquid 
ftltered,  the  solution  will  contain  all  the  starch,  which  may  be  converted  by 
n  the  usual  way. 
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mixture  is  largely  diluted  iriLh  hot  water  almost  perfect  eolutico 
seenis  to  ocl-ui,  though  it  iu  iloubtful  how  far  this  ib  really  the 
case.  The  Bolutioii  i»  strougly  dextro-rotatory  (Sj= +322"),  and 
contains  soluble  starch.  By  healing  with  pure  water,  even  andn 
pressui'e,  starch  is  nut  Imusfoitiied  into  sugar. 

791.  When  hoiled  with  lUtuts  ncida  starch  is  readily  converted 
int(i  a  mixture  of  dextrin  and  maltose,  prolonged  treatment  result- 
ing in  further  hydrolysis  and  formation  of  dextrose  (see  p.  810).  A 
solution  of  Btiirch  undeiBo^s  o  similar  change  when  treated  with 
malt-extract,  even  in  tlie  cold,  but  solid  starch  is  unaffected  by  malt- 
extract. 

By  treatment  with  cold  nitric  acid  starch  yields  nitro- 
derivatives,  but  on  heating  with  the  reagent  it  is  converted 
into  oxalic  acid  aud  other  productA 

792.  When  treated  with  a  solution  of  caustic  potash  or  soda 
containing  J  to  IJ  per  cent  of  the  alkali,  starch  swella  up 
enormously  and  forms  a  tenacious  ])aste  which  is  soluble  in  watei^ 
the  solution  yielding  with  cupric  sulphate  a  hhie  precipitate, 
which  does  not  blacken  ou  boiling  and  is  Roluble  in  pure  water. 
Ammonia  does  not  gelatinise  starch. 

793.  SoLDBLK  Starch  or  AuiDULitf  is  produced  by  boiUng  starch 
with  water.  A  solution  is  tbus  obtained  wliich  may  be  rendend 
quite  clear  by  addition  of  a  little  caustic  alkali.  .It  is  strongly 
dextro-rotatory.  Starch  solution  is  one  of  the  most  perfect 
colloids  known,  and  has  a  very  high  viscosity. 

Soluble  starch  is  not  only  obtained  by  boding  starch  with  water, 
but  also  by  heating  it  to  100°  C.  with  glacial  acetic  acid,  or  to 
190"  with  glycevoL  It  is  the  first  product  of  the  action  of  dilute 
acids  or  malt-extract  on  starch.  It  is  uncertain  whether  it  is 
chemically  or  only  mechanicoJly  distinct  from  the  insoluble  form 
of  ataroh.  Starch  solution  iS  perfectly  neutral  to  litmiiB,  but 
yields  sparingly  soluble  precipitates  with  lime  aud  hoiyta  water. 
On  exposure  to  the  air,  starch  solution  gradually  decomposes,  with 
formation  of  lactic  acid. 

794.  Structure  of  Starch  Corpuscles. 

Starch  occurs  in  plants  in  the  form  of  minute  granules,  which 
generally  posscHS  a  concentrically  stratified  structure,  similar  to 
that  of  an  union.  These  granules  consist  chiefly  of  a  body  colled 
granules  e,  together  with  a  closely  allied  substance  known  as 
amylo-cellulose  or  slarch-cellulose,  and  water  and 
traces  of  mineral  matter.  Starch-celluloso  occurs  in  largest  propor- 
tion in  the  outer  layers  of  the  granule,  and  probably  constitutes 
the  whole  of  the  external  coating.  Owing  to  this  protectivo  coat- 
ing, starch  granules  are  wholly  unacted  on  by  cold  water,  as  tll« 
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internal  granufcac,  though  slightly  soluble,  is  highly  colloidal. 
When  the  outer  layer  of  the  granule  is  ruptured,  as  by  grinding 
the  stnruh  witli  aaud,  water  acts  readily  on  it,  and  the  liquid  gives 
an  intense  blue  colour  with  starch.  By  treating  starch  paate  with 
tnalt-estract,  the  insoluble  stnrch-cellulose  may  be  obtained  pure, 
and  then  is  found  to  gii'e  only  a  dirty  yellow  colour  with  iodine. 
Saliva  (owing  to  the  p  t  y  a  1  i  n  contained  in  it),  and  at  a  temperature 
of  50°  to  60°  C,  pepsin,  organic  acids,  very  dilute  hydrochloric  or 
sulphuric  acid,  and  a  saturated  solution  of  sodium  chloride  contain- 
ing 1  per  cent,  of  hydrochloric  acid,  all  dtseolve  out  the  granuloae 
and  leave  the  amylo-celluloee  int«ct.  By  boiling  with  water, 
starch -cellulose  is  mostly  converted  into  soluble  starch,  leaving, 
however,  a  portion  which  obstinately  resists  the  action  of  water, 
bat  is  readily  dissolved  by  dilute  alkali.  Aniylo-eelltilose  differa 
from  ordinaij  ceUuloee  in  being  insoluble  in  Schweitzer's  ret^nt. 
By  repeated  alternate  treatment  of  potato-starch  in  the  cold  with 
very  dilute  alkali  and  acid,  the  cellulose  may  he  removed,  when  the 
residue  dissolves  in  hot  water  to  form  a  perfectly  clear  solution. 
Solid  starch  corpuscles,  when  treated  with  iodine  solution,  are 
coloured  intensely  blue,  the  reagent  readUy  penetrating  the  coating 
of  cellulose  and  thus  reaching  granulose. 

Young  small  corpuscles  of  starch  appears  to  be  invariably 
spherical,  but  as  they  grow  older  they  may  become  lenticular, 
ovoid,  or  polygonal  The  shape  and  size  of  the  starch  corpuscles 
are  often  highly  characteristic  of  the  plant  by  which  they  were 
produced,  and  this  fact  is  freipently  taken  advantage  of  for  identi- 
fying the  presence  of  starch  from  particular  sources. 

795.  Microscopic  Identitication  ofStabchbb. — When  a  sample 
is  to  bo  examined  under  the  microscope  for  the  identification  of 
its  starch,  a  minute  quantity  should  be  placed  on  a  glass  aUde 
with  the  point  of  a  knife.  If  in  a  powdered  state,  or  readily 
reducible  to  powder,  a  preferable  plan  is  to  stir  the  sample  with 
B  dry  gloss  rod,  and  tap  the  rod  on  the  glass  shde.  A  drop  of 
distiUed  water  or  diluted  glycerin  (1  of  glycerin  to  2  of  water) 
should  then  be  added,  and  if  the  unpowdered  structure  be  em- 
ployed it  should  be  broken  up  by  csireful  mashing  with  the  point 
of  a  knife.  A  glass  cover  is  then  put  on,  and  any  superfluous 
moisture  removed  by  blo'tting  paper.  The  specimen  is  now 
ready  for  observation.  Somewhat  oblique  light  should  always 
be  employed,  and  the  power  should  vary  from  a  J  to  J 
inch,  using  a  B  eye-piece  furnished  with  a  micrometer-scale,  tliu 
value  of  the  divisions  of  which  have  been  previously  ascer- 
tained. Too  high  a  magnifying  power  should  be  avoided,  especially 
in  a  first  exiuninatioa 
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796.  The  points  to  l>e  observwl  in  the  microscopic  obaervation 
of  starches  are — (a)  The  shape  auii  sizi'  of  the  granulca,  (b)  The 
position  and  character  of  the  hihim.  (c)  Thi;  concentric  marking*. 
\d)  The  appearance  under  polarised  light  The  two  first  observa- 
tions are  tolerably  simple,  hut  the  examination  for  rings  reqniiea 
care,  the  markings  being  rarely  visible  without  vei^  cautious  man- 
ipulation of  the  illumination  and  movement  of  the  fine-ot^justment, 
and  then  only  in  a  few  granules  at  the  same  time.  Xatol  arrow- 
root and  turmeric  starches  are  almost  the  only  two  which  show 
well-devoloped  rings  on  nearly  every  granule.  Wliunt,  on  the 
other  hand,  shows  no  rings,  even  in  the  best  light.  Wlien  the 
hilum  is  situated  near  the  centre  of  the  granule,  the  rings  are 
usually  complete,  but  when  the  hilum  is  near  one  end  of  tho 
granule  only  a  segment  of  each  ring  is  visible. 

Although  the  size  of  starch-granules  is  a  highly  important 
character,  it  must  be  remembered  tliat  great  variation  occnnt 
between  individual  granules,  and  that  it  is  only  the  general  or 
average  size  of  the  corpuscles  wliieh  is  usually  recorded.  Varia- 
tion in  size  of  the  starch-granulea  is  veiy  marked  in  the  case  of 
the  potato,  iji  which  the  corpuscles  range  from  0-0025  of  an  inch 
in  length  down  to  less  than  0'0002  {0'063  millimetre  to  less  than 
0005). 

Examination  with  polarised  light,  either  with  or  without 
the  use  of  a  selenite  plate,  is  a  valuable  auxiliary  means  of  identi- 
fying starches,  but  many  of  the  statements  made  in  books,  such  as 
the  black  cross  being  observable  in  the  case  of  certain  atarcfies 
only,  must  be  considered  as  merely  applicable  to  the  precise  coa- 
ditions  under  which  the  observations  referred  to  were  made.  With 
proper  manipulation,  all  starches  appear  to  show  the  black  cnw^ 
and  an  ignorance  of  this  fact  has  led  many  into  error.  Some 
starches  show  much  more  colour  than  others  when  examined  under 
the  polarising  microscope.  For  observation  of  starches  by  polarised 
light  it  is  often  desirable  to  employ  a  highly-refracting  motmting 
modium,  and  for  such  purposes  water  may  be  advantageously  re- 
placed by  diluted  glycerin,  glycerin  jelly,  Canada  balsam,  oU  of 
anise,  carbon  disulphide,  &c. 

W.  H.  Symons  {Pharm.  Jour.,  [3]  xiJi.  237)  has  recorded  a 
number  of  observations  of  the  conditions  under  which  starch- 
granules  of  different  origins  uiidei^'o  tiunefaction  by  the  action  of 
heat  and  dUute  alkaline  solutions.  In  some  cases,  the  behaviour 
is  sufficiently  characteristic  to  serve  as  a  means  of  differentiating 
the  starches, 

797,  Much  has  been  written  on  the  microscopic  ajipearance  of 
sldtrches,   and    some  observers   profess  to  be  able  to  distinguish 
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starch  of  lUiaoat  every  origin.  To  the  obaerver  wlio  has  not  made 
a  special  study  of  the  morpLoiogy  of  starches,  these  distiiiutions 
are  in  many  coses  wholly  unrecognisable,  and  as  the  minute  points 
of  difference  are  almost  incapable  either  of  description  or  delinea- 
tion, the  only  safe  method  of  discriminating  starches  is  by  a  care- 
ful  comparison  of  the  sample  with  specimens  of  known  origin  and 
purity,  making  the  observations  imder  exactly  similar  conditions 
as  to  illiuiiination,  magnifying  power,  and  mounting  medium. 
Thrae  standard  specimens  should  not  be  permanently  mounted,  but 
kept  in  an  air-<lry  state,  and  a  minute  quantity  mixed  witli  water 
or  Other  medium  when  required  for  use.  Aa  a  rule,  it  is  quite 
unnecessary  to  prepare  the  pure  starches ,  for  comparison,  a  direct 
employment  of  the  air-dried  tissue  answering  every  purpose. 

798-  Very  complete  tabular  scheiuea  for  the  recognition  of 
starches  by  the  microscope  have  been,  devised  by  Muter,  (fij-ganic 
Afalena  Aludtca,  2nd  edition)  and  Vohl  (fier.,  ix.  1660).'  Of 
course,  they  in  no  way  enable  the  observer  to  dispenso  with  the 
requisite  experience  in  obseni'ation,  but  they  much  facilitate  the 
recognition  by  drawing  the  attention  to  the  more  characteristic 
features  of  the  starches. 

The  following  arrangement  of  starches,  based  on  their  micro- 
licopic  appearance,  is  based  on  that  (if  Muter.  According  to  hifl 
method,  the  starches  are  arranged  in  live  classes,  having  the  follow- 
ing general  characteristics  ■? — 

I.  "Thb  Potato  Group  includes  such  oval  or  ovate  starches  as 
give  a  play  of  colours  when  examined  by  polarised  light  and  a 
selenite  platti,  and  having  the  hiJum  and  concentric  rings  clearly 
visible, 

II.  The  Lbguhinous  Staboheb  comprise  such  round  or  oval 
starches  as  give  little  or  no  colour  with  jiolarisod  light,  have 
concentric  rings  all  but  invisible,  though  becoming  apparent,  in 
many  cases,  on  treating  the  starch  with  chromic  acid,  while  the 
hilum  is  well  marked,  and  cracked  or  stellate. 

'  HassaU'a  woik  on  Fnal  a-ad  Us  Adullrrationt,  End  J.  B«I1'b  Artaly»t»  ayul 
AdultenUioiu  uf  Food,  contains  numctoua  woodcuts  Bhaning  the  tnicroaCDpic 
char»cter  of  starches. 

TBlaablu  artielea  on  tbe  identiSuattoii  of  Btej\:hei  hu  been  published  by  H. 
Pocklington  {Fharm.  Jour.,  3rd  series,  vol.  iii.  p.  863  ;  vol.  iv.  p.  362  ;  vol. 
vi.  pp.  SOI,  662,  741),  and  J.  W.  Tripo  {Analynt,  vol  Iv.  p.  221). 

*  In  ordei  that  mistakeB  may  not  be  made  in  diflerentiating  atarches  by  the 
scheme,  it  is  important  to  bear  iu  miud  that  the  a]i|)earance8  described  apply 
to  the  fotlowitig  conditious  of  cxaniiuation,  naniely,  obserralion  with  oblique 
light ;  use  of  natcr  as  a  medium,  and  a  ^'n  inch  power,  and  B  cyu-piece  ;  and, 
when  polarised  light  is  u&ed,  the  oae  of  a  red-green  se1enit«  plato  with  diluted 
a  moDDting  medium. 
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III.  Thb  Wheat  Group  comprises  those  round  or  oval  starches 
having  both  hilum  and  concentric  rings  invisible  in  the  majority  of 
granules.  It  includes  the  starches  from  wheat  and  some  other 
cereals,  and  a  variety  of  starches  from  medicinal  plants,  such  as 
jalap,  rhubarb,  senegji,  <fec. 

IV.  The  Sago  (troup  comprises  those  starches  of  which  all  the 
.Lp^nules  are  truncated  at  one  end.  It  includes  some  starches  used 
for  food,  together  with  those  from  belladonna,  colchicum,  scam- 
raony,  podophyllum,  canella,  aconite,  cassia,  and  cinnamon. 

V.  The  Rice  Group  contains  the  starches  all  the  granules  of 
which  are  polygonal  in  form.  It  includes  the  starches  from  oats, 
maize,  buck-wheat,  rice,  pepper,  and  ipecacuanha. 

799.  The  following  table  gives  further  particulars  resi)ecting 
the  microscopic  appearance  of  the  more  important  starches.  The 
figures  expressing  the  sizes  are  micro-millimetres  (1-1 000th  milli- 
metre), but  they  may  be  converted  into  ten-thousandths  of  tm  inch 
by  multiplying  them  by  the  factor  "3937. 

In  the  case  of  elongated  starches,  the  figures  expressing  the 
size  have  reference  to  the  me^in  of  the  longer  and  shorter  dia-. 
meters. 


Origin  of 
Starch. 


Class  1. 

'  Canna,  or 
tous  -  le  - 
mois. 


Potato. 


Maraiitii- 
arrowroot. 


Diameter 
in  mlcro- 

milli- 
metre.<«. 


47-132 


Very 

variable ; 

usually 

between 

60aud 

100. 

10  to  70; 

average 

36 


Chamcteristic  Shape 
of  Granules. 


IiTegular  oval,  or 
oyst<»r  shaped. 


Small  granules, 
circular  ;  the 
larger  ovate,  or 
oyster-shaiKKi. 


Somewhat  ovoid  or 
mussel  -  shaped, 
tending  to  tri- 
angular in  larger 
pennies.  Some- 
times irregular, 
with  a  nipple- 
like projection 
at  same  end  as 
hilum. 


other  Characters. 


Hilum  annular  and  eccentric. 
Rings  incomplete,  very  fine, 
narrow,  and  regular.  Alkali 
ilcvelops  lint!S  and  hilum. 
Well  marked  and  regular 
cross  with  polarised  light. 

Hilum,  a  spot,  generally  near 
smaller  end.  Kings  in  larger  , 
granules  numerous  and  com-  , 
plcte.     Very  distinct  cross 
towaixls   smaller  end,   and 
brilliant  colours  with  polar-  | 
ised  light.  ' 

Hilum,  near  one  end,  either  | 
circular  or  linear,  and  often 
cracked.      Rings  numerous  \ 
and  always  visible,  but  not 
strongly  marked.     Well -de-  , 
fined  cross  towards  larger 
end   with    i>olarised    light, 
and  brilliant  colours. 
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Origin  st 

m>m^ 

-1  anmolM. 

(Hl.arCl«r«.on. 

N.tal*rrow. 

83  to  38 

Bromlly  ovate,  or 

Hilum,    a    crack,    eccentric 

Toot 

occasionally  eir- 
cnlar,   with   ir- 

Rings  very  distinct  tuidfr 
water. 

regnlar    projec- 

Curcnnis- 

30  to  61 

Hilum,   uu   eccentric  Jot  or 

amwroot. 

■ats.     Elongat- 

circle.    Induitinct  aegmenta 

ed,  or  oval  with 

of  ringa.      Heat  or  alkali 

irregular  projec- 
tions 

deforms   granules  very  ir- 
regularly. 

Cr.AM  II. 

Ben  11. 

nearly 

Eenifonn  or  oval. 

Hilura.   stellatr.      Often   be- 

nnitorm 

■' 

31 

furrow.      Smaller  granules 
predotoiliale. 
Hilun.   elongated.     Not  dis- 

1    PCB. 

very 

RcDiform  or  oval. 

1 

variable 

18  to  28 

mixturefl. 

i  r^ntil. 

28 

Rcuifonn  or  oval. 

Hilum    elongated    and    very 
clearly      (fefined.        Rings 

1  Cn».  III. 

fl'liest. 

very 

Circular  or  nearly 

Cliiclly  of  two  sizea,  large  and 

VHriable 

so,      and      flat- 

very small.      Shows  a  cross 

2  to  62 

tened. 

in  glycerin  with   polarised 
light,  but  very  sightly  in 
water.       Faint   rings    and 
colonrs   are  visihic  on  the 
moat  elliptical  granulea. 

Hnricy. 

fairly 

uniform 

wheat;        some 

from  wheat  in  mixtures  of 

13  to  39 

grannlaa  alight- 
ly   angular,    or 

the  two. 

Bje. 

2  to  38 

A  few  granules  show  a  three 

wh»t 

or  four  armed   tiesure  ex- 
tending nearly  to  the  cir- 
cnmference. 

Oat. 

Larm   oval   gran- 
nles,      ahowinf! 

The  compound  granules  break 
up  by  attrition  into  poly- 
gonal  grannies   (see   Class 

jrolygonal   divi- 

Acorn. 

10 

Ciroularorsliglitlv 
oval. 

chromic  acid. 

Class  IV. 

Arum. 

U 

Tmncated      with 
two  facets. 

Hilnm  eccentric. 

Tact*. 

i)  tol9 

Diatinct    hilura,    linear    and 

often  slarred.     Very  varied 
Bhupe,     often     resembling 
maue,  but  has  sharp  angles. 
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Origin  of 
Starch. 


Diameter 
in  micro- 
milli- 
metres. 


Sago. 


T 


25  to  66 


Tapioca. 


Class  V. 
Rice. 


8  to  22 


5to8 


Buckwheat. 


Oat 


Maize. 


5  to  20 

(iepend- 

ing  on 

variety 

4  to  30 


7  to  20 


Dari. 
Pepper. 


19 
i  to5 


Ctiamcteristic  Shape 
of  Granules. 


Ovate,     or    trun- 
cated oval. 


Kettle-drum, 
circular. 


or 


Pentagonal  or  hex- 
agonal, occasion- 
ally triangular. 


Resembles  oat  and 
rice,  but  angles 
more  rounded. 


Triangular  to  hex- 
agonal, a  few 
small  and  round, 
or  apple  -  pip 
shaped. 

Circular  to  poly- 
hedral, usually 
with  rounded 
angles. 

Small  elongated 
hexagons. 

Resembles  rice, 
but  majority  de- 
cidedly smaller. 


Other  Charaeten. 


Hilum,  a  circular  spot  or 
crack  at  convex  end ;  faint 
rings.  Well-defined  cross, 
and  often  colours  with  pol- 
arised light.  Prepared  sago 
shows  large  oval  depression ; 
with  polarised  light  charac- 
ters less  definite  than  the 
raw. 

Hilum,  a  dot  or  short  slit, 
nearly  centraL  Well-de- 
fined cross  and  colours  with 
polarised  light.  Characters 
of  preparea  tapioca  are  less 
definite. 

Angles  sharply  defined.  Dis- 
tinct hilum  with  a  very 
high  power,  and  cross  visi- 
ble in  larger  granules  with 
polarised  light. 

No  rings,  but  distinct  central 
hilum,  as  spot  or  star.  Well- 
defined  cross,  with  polarised 
light.  Granules  often  com- 
pound. 

Rings  and  hilum  invisible 
except  under  very  high 
powers.  Faint  cross  by 
polarised  light. 

Hilum  central,  as  a  well-de- 
fined star  or  crack.  Rings 
nearly  invisible.  Distinct 
cross  and  faint  colours  with 
polarised  light. 


Shows  hilum  with  very  high 
power.  Granules  often  in 
motion.  Forms  large  com- 
{)ound  granules  of  very  ir- 
regular form. 


800.  Arrowroot  of  coiunierce  is  the  starch  derived  from 
plants  of  the  genus  Maranta^  belonging  to  the  order  Maran- 
tacece.  The  most  important  member  of  the  group  is  Maranta 
arundinacea^  which  is  a  native  of  the  West  India  Islands  and  South 
America,  but  is  now  cultivated  in  Africa,  Ceylon,  and  other  hot 
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fouDtiiee.  Thrau  other  s]>ecies  of  Maranta  are  recognised, 
namely,  M.  alloiiijia  and  M.  wiliilit,  which  grow  in  the  Wesr 
Indies,  and  M.  mntmisginut,  ii  mitive  of  the  Eust  Indies.  For 
trade  purposes,  lurowroot  ia  distin^^xhed  by  the  niune  of  the 
island  or  country  producing  it.  Thus  we  have  Bermndit,  St 
Vincent,  Katal,  Cape,  Mauritius,  and  Kio  arrowroots. 

The  starch  corpuscles  of  the  different  species  and  varieties  of 
Maranta  diifer  considerably  in  tlieir  microscopic  appearance  (see 
Plate  opposite),  while  certain  varieties  are  closely  siniulat«d  by  the 
atarches  from  plants  other  than  the  different  species  of  Maranla. 
This  is  the  case  with  the  starch  of  Onrmmn  anipidifolia,  sometimes 
called  East  Indian  arrowroot. 

801.  Arrowroot  is  liahle  to  adulteration  with  a  variety  of 
cheaper  starches,  though  the  practice  is  now  far  less  common  than 
formerly.  The  principal  starches  which  have  been  employed, 
either  as  substitutes  for  arrowroot  or  for  mixing  theKwith,  have 
been  those  of  potato,  sago,  tapioca,  curcuma,  and  tous-le-mois. 
Taccii  and  arum  starches  are  also  stated  to  have  been  employed. 
but  they  are  not  known  at  present  m  the  English  market, 

The  microscope  atlbrds  the  only  satisfactory  means  of  distiuguisti- 
ing  maranta  starch  from  the  starches  above  mentioned,  and  even 
then  the  detection  of  certain  admixtures  is  a  matter  of  considerable 
difficulty.  Potato'^  and  toua-lsi-nwiit  starches  are  distinguished  by 
their  large  siw,  and  regular  and  well-developed  concentric  rings, 
and  potato,  in  addition,  by  the  hilum  being  situated  near  the 
smaller  end  of  the  granides.  Sago,  taeea,  arum,  and  tajiioea  are 
distinguished  by  the  truncation  of  the  granules.  Cureiana  starch 
closely  resembles  maranta,  but  the  granides  of  the  former  ore 
more  irregular  in  size  and  shape,  and  also  more  pointed  and 
transparent. 

802.  The  Cbrsal  Starohkb  may  be  divideil  into  two  well-defined 
groups,  wheat,  barley,  and  rye  starches  being  circular,  or  nearly  so, 
while  the  starches  of  rice,  maize,  buck -wheat,  and  oat  are  polygonal 

803.  The  LEOUMttious  Starohbs  present  very  close  resemblances, 
and  are  generally  indistinguisliable  from  each  other  when  in 
ndmixlure. 

804.  Determination  'if  the  I'rojiortion  of  different  Starchue  in 
mimixtare. — The  following  is  the  best  method,  in  the  ofiinion  of 

■  Besides  its  miFToscopical  appetrance,  poUlo  itarch  is  end  to  be  dU- 
tinguiglied  from  maranta  starch  in  the  falloTriog  respects ; — 1.  Whea  mixed 
with  twice  its  weight  of  iitrong  hydrochloric  acid,  martmla  starch  produc«  an 
opaque  white  past*,  while  the  paste  produced  by  potato  etarch  is  transpttreiil 
and  jflty-likii.  2.  Potato  starch  evolves  a  pecnliar  and  disagreeable  odour 
when  boiled  with  dilute  sulphuric  acid.  3.  Au  acrid  oil  may  be  eitracted 
from  potato  starch,  but  uot  from  thai 
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till!  luithiir,'  for  iwiiertiiiiiiug  the  extent  to  which  untmeol  U  mixed 
with  barley  or  wheat-Hour,  aad  is  a  type  of  the  proceM  tn  be 
empluyeJ  in  othur  cases.  Genuine  pearl-bacley  is  ground  finely  in 
a  mortar,  ami  a  aeriea  of  standarda  made  by  mixing  the  flour  irith 
dofiniti'  proportions  ai  genuine  oatmeal.  Mixtures  conloiiiiiig 
5,  10,  16,  20,  30,  and  40  per  cent,  of  barley,  respectively,  will  be 
found  convenient  in  practice.  The  sample  of  oalmeal  to  be 
examined  is  thoroughly  mixed,  and  0*1  gramme  weighed  out  mi 
^Touud  in  an  ngute  mortar,  with  a  little  water.  When  the  mixture 
is  perfectly  smooth  it  in  rinsed  into  a  small  conical  gla^s,  anii 
diluted  with  water  to  10  e.c.  Two  of  tlie  standard  nustuiea  (ny 
the  10  and  20  per  cent,  mixtiuiis)  are  then  treated  in  a  precisely 
similar  manner.  A  drop  of  the  sample  and  one  of  each  of  the 
standards  are  then  placed  on  gloss  slides  and  covered  with  thin 
covera.  Care  must  be  token  that  the  starches  and  water  are 
thoroughly  agitated,  so  that  the  drops  taken  shall  be  reptesentatiTCi 
and  it  is  important  that  the  drops  themselves  shall  be  of  exactly 
the  same  sixe.  These  conditions  are  Itest  ensured  by  immersing  in 
the  liquid  a  short  pieee  of  glass  tube  drawn  out  to  a  fine  point, 
blowing  down  it  so  aa  to  mix  the  sample  tlioroughly  by  means  of 
the  air-lmbblea  expelled,  and  then  allowing  a  drop  of  the  liquid  tft 
fall  from  the  orifice  on  to  the  glass  alide.  The  same  tube  is  Uua 
employed  to  take  drops  of  the  atandaid  mixtures.  The  oover 
glasses  must  all  be  of  equal  size,  and  sufficiently  largo  to  take  np' 
the  whole  of  the  drop,  us  none  of  the  liquid  must  bo  removed 
The  slides  being  prepared,  the  niunber  of  liarley  granules  visible  in 
twelve  successive  fields  is  noted.  The  standards  are  then  similarly 
observed,  the  operation  being  repeated  until  a  standard  mixtun- 
is  found,  the  barley  granules  in  twelve  fields  of  which  are  oqu^ 
or  nearly  equal  in  number  to  those  counted  in  the  sample.  The 
proportion  of  wheat  or  barley  in  the  sample  will  then  be  approxi- 
mately the  same  as  that  in  the  standard  it  agrees  with. 

'  Dr  .lunes  Bell,  from  whose  little  book  ou  limit  (part  ii. }  ranch  of  the  in- 
fnmiBtiaD  in  the  text  on  arrowroot  and  other  starcheB  has  been  gatheted. 
giViB  the  rollovring  metboil  for  estimating  staichea  in  ndmiitllre  : — "  The 
minple  is  first  rahbei!  in  a  mortar  und  passed  several  times  through  ■  sieve 
.\.  small  i^nantity,  say  0*06  of  a  grain,  is  then  weighed  oQt  and  pla«Ml  on  ■ 
<{luH  slide,  where  it  is  worked  inta  a  thin  paste  with  abont  two  drops  of  mtet. 
A  thin  covoriDg  glass,  nioasiinng  about  1}  inch  by  I  inch,  in  then  placca  omt 
the  paste,  and  moved  about  the  slide  until  the  paste  is  eqaolly  distributed  and 
all  under  the  covering  glass.  With  a  J-inch  oltjectire,  the  number  of  granules 
is  counted  in  uino  6elds,  as  fairly  ks  possible  represonting  the  entire  slid*. 
The  pro;:esB  is  repeated  till  a  correct  idea  of  the  compoution  of  the  sample  is 
nbtuned.  Standard  mixtures  approximately  represeutiu^  the  sample  an 
niBdH  up  and  treated  in  vxactly  tlie  same  way,  and  from  a  caiupariion  of  tlw 


DETKCTIOX   OF  STAfiCU.  Ml 

d05.  Detection  and  Determination  of  Starch. 

'  For  thL'  deti;ction  of  Btarcli  I'xiHtiii},'  in  Uw  'niliil  ^Uttc,  no  (nctli'nl 
xl  as  the  mioroHtiipk-  recognition  of  the  uorpustli^s,  tin- 
origin  of  which  may  usually  be  identified  in  the  maimer  already 
described.  The  microscopic  examinntion  may  be  advantageously 
supplemented  by  adding  a  drop  of  iodine  solution  to  the-  slide, 
when  each  of  the  trae  starch  gi-aniUea  will  assmne  a  hlue  colour, 
which  renders  their  recognition  easy.  In  some  caset^  ^s  when 
roasted  coffee  is  mixed  with  beans  or  acorns,  the  microscopic 
detection  of  the  starch  becoraos  difficult,  but  may  still  he  effected 
in  the  following  manner ; — ^The  coffee  is  hoiled  with  water  for  a  few 
minutes,  and  the  solution  is  decanted  or  filtered  from  the  insoluble 
matter.  The  liquid  is  next  thoroughly  cooled,  and  cinid  <lilutp 
sulphuric  acid  ia  addeil.  A  solution  of  potassium  permaugrmate  im 
then  gradually  added  till  the  brown  colour  is  nearly  or  entirely 
destroyetl,  when  the  decoloriseil  liquid  is  tested  with  iodine.  A 
Une  colour  is  obtainable  in  this  way  with  coffee  containing  "idy 
1  per  cent  of  roasted  acorns. 

Sometimes  it  is  desirable  to  remove  the  colouring  matter  fnim 
the  solid  suhetance  before  examining  it  for  starch.  If  cold  water 
fail  to  effect  this,  alcohol  should  be  tried,  and  subsc(|uently  other 
wil vents.  The  cases  are  rare,  however,  in  which  the  starch 
cannot  ho  observed  microscopically  after  successive  treatmcnta  of 
the  substance  with  cold  water  and  alcohol. 

806.  In  mpKom  aohition,  starch  yields  a  precipitate  witli 
Ammouiacal  acetate  of  lead  having  a  comiiositioQ  represented 
approximately  by  the  fomnUa  CijHjgPbj"Ojj.  Tannin  gives  a 
white  precipitate  with  starcli  solution,  disappearing  on  warming 
and  re-oppearing  as  the  liquid  cools.  .Soluble  starch  is  completely 
precipitated  by  adding  alcohol  to  its  aqueous  solution. 

807.  The  most  characteristic  reaction  of  starch  solution  is  the 
violet  or  iiuUgo-hlue  coloration  which  it  gives  with  iodine.  The 
coloured  body  does  not  appear  to  be  a  definite  compound  of  starch 
with  iodine,  and  hence  is  best  called  iodised  starch.  The 
best  fonii  in  which  to  employ  the  reagent  is  as  a  very  dilute 
solution  of  iodise  in  iodide  of  potassium.  The  starch  solution 
sboidd  be  ]ierfect1y  cold.  I.)u  heating  the  liquid  it  ia  decolorised, 
hut  on  cooling  the  blue  colour  is  restored,  though  not  witli  the 
asme  intensity  as  before.  In  employing  the  reaction  as  a  test  for 
starch  it  is  necessaty  to  remamber  tliat  it  is  only  prmluced  by  frrr 
iodine.  Hence  any  free  alkali  should  be  neutralised  hy  cautious 
addition  of  cold  dilute  acid,  and  any  reducing  or  oxidising  agent 
got  rid  of  If  possible.  The  best  way  of  testing  for  starch  is  to  add 
ttie  iodine  solution  graduidly  to  the  slightly  acid  liquid  imtil  eithi'r 
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a  bluo  colour  appears  or  the  liquid  rcuiniiiB  pemiaDently  colooied 
yellow  by  the  free  iodine.  If  the  latter  etfecit  is  produced  and  yet 
no  blue  coloration  is  obtained  no  atorcb  1:1m  be  jireseut. 

ti08.  The  only  organic  body  liable  to  interfere  when  the  teat  is 
|»rfomieil  in  the  (oreyoing  manner  ie  ery  t  h  ro-dextrin,  which 
itself  produces  an  iiiteaBe  reddish-brown  coloration  with  iodine^ 
which  is  apt  to  maak  a  feeble  starch-reaction.  The  affinity  of 
iodine  for  starch  Is,  however,  greater  than  its  affinity  for  eiylhio- 
liextrin,  and  hence  if  a  very  little  ioiUne  solution  l>e  employed  the 
blue  colour  dne  to  starch  will  alone  l>e  developed,  the  Iniiwn 
eoluration  becoming  apparent  on  a  further  addition  of  the  rengenL 
By  cautiously  adding  very  dilute  imimonia,  or  gradually  healiiig 
the  liquid,  the  brown  colour  can  be  destroyed  while  the  blue  iv 

609.  Tub  uotehuination  of  Starch  is  eil'eeted  in  different  vnyt 

aeconliug  to  the  nature  of  the  substance  in  which  it  occurs,  la 
wheab-flour  a  convenient  but  very  rough  plan  is  to  place  a  weiglml 
quantity  of  the  i^iinple  in  a  sieve,  and  allow  a  stream  pf  water  to 
trickle  over  it,  kneiiding  well  all  the  time.  When  the  water  rOM 
awuy  cle-ar,  it  is  allowed  to  stand,  and,  when  the  starch  has  all 
settled  out,  the  water  is  poured  ofT  and  the  deposited  stateh 
collected,  dried  at  110°,  and  weighed. 

810.  In  plant-products,  such  as  wheaten-Mour,  oatmeal,  coc<% 
Sec,  the  determination  of  starch  may  be  efl'ected  as  described  in 
par.  845.  The  conversion  of  the  stai'ch  into  daxtroao  by  boUing 
with  dilute  acid  (par.  SOT)  and  estimation  of  the  restdtont  glucose  liy 
Felding's  solution,  is  a  process  giving  fairly  good  reaidts  if  carefully 
conductsd,  but  there  is  a  danger  of  the  estimation  being  low  from 
incomplete  conversion  to  dextrose  or  the  formation  of  secondAiy 
non-reducing  bodies.  1 0  parte  of  dextrose  thus  found  correepond  to 
9  parts  of  anhydrous  starch.  The  change  to  dextrin  and  m^tose  is 
easily  made,  and  may  be  effected  cither  by  heating  the  starch  with 
dilute  acid  or  by  the  action  of  diastase.  When  very  accurate 
estimations  of  starch  are  required  this  is  probably  the  best  process 
to  em]>loy.  It  is  uppliuablo  to  all  the  cereals,  raw  us  well  as 
malted,  and  is  conducted  by  C.  O'SulUvan  (Jmr.  Chern.  Sik.,  xlv.  1) 
in  the  following  manner : — A  fair  sample  of  the  grain  is  token  and 
5'1  grammes  weighed  roughly  niid  ground  to  a  fine  flour  in  a  clean 
coffee-mill.  5  grammes  of  the  powder  is  placpd  in  a  flask  of  about 
120  c.c.  capacity  thoroughly  wetted  with  rectified  spirit,  and  25 

'  NoithEr  the  brown  colour  of  a  aolntion  of  iodised  erjtbro'dwttriii  nor  the 
hlue  of  iodised  atsrch  sbons  any  absoqition  bands  wben  examined  b;  th« 
xpoctroHcope.  At'coriliiig  lo  Bondotiiienu,  iodiiod  sUirch  lian  A  definite  oon- 
pmition  represented  by  tile  formulu  (C'BH,gO,)lv 
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f.c  of  etlier  aililed.  The  flask  is  corked  aoil  agitated  occasionally, 
atid  aftei  a  few  houra  the  ether  is  dccntited  through  u  Alter  and 
the  residue  washed  by  docoutation  with  three  or  four  fresh 
quantities  of  ether.  To  the  residue  80  to  90  c.e.  alcohol,  sjwcific 
gravity  0-90,  ore  addeil,  auil  the  mixture  kupt  nt  35°  to  38"  C,  for 
a  few  hours  with  occasioual  shaking.  The  alcoholic  aolutiou,  wheti 
dear,  is  decanted  through  the  filter  used  in  filtering  the  ethereal 
solution,  and  the  reaiilue  washed  u  few  times  by  decantation  with 
alcohol  of  the  strength  aud  at  the  temperature  indicated.  The 
residue  in  the  flask,  and  any  little  that  may  have  been  decanted  on  td 
the  filter,  is  then  treated  with  about  balf  a  litre  of  cold  water.  In 
about  twenty-four  houra  the  HUpemataiit  liquid  becomes  clear,  when 
it  can  be  gradually  decanted  througli  a  filter.  The  eolution  filters 
bright,  but,  in  the  cose  of  barley  and  oats,  exceedingly  slowly  at 
times ;  the  malted  grains,  as  well  as  wheat,  rye,  maize,  and  rice, 
yield  solutions  requiring  no  excessive  time  to  filter.  The  residue 
is  repeatedly  washed  with  water  at  35"  to  38°,  but  this  treatment 
does  not  completely  free  barley  and  oats  from  a-aniylan,  which 
body  dissolves  with  the  greatest  difficulty  at  this  temperature.  The 
residue  is  then  transferred  to  a  100  e.c.  beaker,  and  the  portion 
adhering  to  the  filter  waslted  off  by  opening  the  filter-paper  on  a  glass 
plate  and  removing  every  particle  by  means  of  a  camel's  hair  brush, 
cut  sliort,  and  a  finensponted  woBh-hottlc.  When  the  tronsferenci- 
is  completed,  the  beaker,  which  should  not  now  contain  more  than 
40  to  45  c.c.  of  the  liquid,  is  heated  to  100°  for  a  few  minutes  in 
the  water-bath,  care  being  taken  to  stir  well  when  the  starch  is  . 
gelatinising  to  prevent  "  balling  "  or  unequal  gelatiuisntion.  After 
this  the  beaker  is  cooled  to  62°  to  G3°,  anil  0-025  to  0-035  gramme 
diastase*  dissolved  in  a  few  c.c.  water,  mlded. 

On  keeping  the  liquid  at  62"  to  63°  for  a  short  time,  the  starch 
is  completely  converted  into  maltose  and  dextrin,  and  a  drop  of 

'  TUd  diastawj  eaiployed  is  prepared  aa  follows  :— 2  or  3  kilugtammea  ot 
Hnely-ground  pole  baiUy-malt  are  taken,  suffldent  water  ailded  to  completely 
aatorute  it,  snd  wbvn  saturated  to  sliglitly  cover  it  When  this  mixture  ha* 
itood  three  or  four  hourd,  oa  much  of  the  solution  as  posaiLle  la  prcBscil  out  by 
meaus  of  a  Glter-preas.  If  the  liquid  is  not  bright  it  must  be  (iltered.  To  the 
dear  bright  solotion  rectiBed  spirit  is  added  as  Jong  as  a  floncnlent  precipitate 
fonna,  the  addition  of  the  alcohol  being  diacontinued  as  aoou  as  tbe  super- 
nataat  liquid  becomes  opilesfrnt  or  milky.  The  precipitate  is  washed  nitli 
alooholofO'SfltoO'Sesjiecificgravity,  dehydrated  with  absolute  alcohol,  pressed 
between  clotb  to  free  it  as  much  as  poBsibie  from  that  liquid,  and  dried 
in  vaeuo  over  aulphuric  acid,  until  the  weight  becomes  coniitant. 

Prepared  in  this  way  the  Hubstauce  is  a  white,  friable,  easily  aolable  powder, 
retaining  its  activity  for  a  cousideralile  lime.  The  prepomtiou  usually  sold  as 
diastsM  is  uaeleaa  for  this  work. 
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the  solution  iio  longer  gives  a  blue  colorotiou  with  iodine,  but  it  t? 
■lesirable  to  continue  the  treetmeut  for  about  an  hour  after  the 
ilisappttarancc  of  tlic  starch,  us  the  solution  then  filt«is  more  remlilf. 
The  Uiiuid  is  then  heated  to  boiling  for  ten  minutes,  and  filtered, 
the  reeidue  being  carefully  washed  with  small  quantities  of  boiling 
water.  The  filtrate  is  cooled,  and  mode  up  to  100  c.c.  and  the 
density  observed  The  maltose  is  then  determined  by  Fehling's 
solution,  and  the  dextrin  deduced  from  the  rotatory  power  of  the 
solution.  The  maltose  found,  divided  by  1'055,  gives  the  eorre- 
fjpDudin]^  weight  of  starch,  which,  ttdded  to  the  dextrin  found,  gire» 
the  total  miniber  of  grammes  of  Btareh  reprewnted  by  100  a<i.  of 
the  Bolutioa'  The  euni  of  the  dextrin  and  maltose  found  directly 
ought  to  agree  fairly  well  with  the  total  solid  matter  estimated 
from  the  density  of  the  solution,  after  making  allowance  for  the 
weight  of  diastase  employed. 

811.  The  foregoing  process,  involving  as  it  does  the  preparation 
of  diastase,  is  not  always  a  convenient  one  to  employ,  luid  in  such 
cases  the  following  modification  will  he  found  of  service,  though  it 
does  not  aim  at  so  high  a  degree  of  accuracy  as  the  method  pre- 
scribed by  O'SuUivan.  Any  fat  and  essential  oU  having  been 
removed  by  treatment  with  ether,  the  substance  is  treated  with  a 
saturated  solution  of  salicylic  acid  in  cold  water.  This  will  dissolve 
idkaliue  salts,  sugar,  dextrin,  Ac.  The  liquid  is  filtere<l,  and  the 
residue  washed  with  decinornial  caustic  soda  (4  grammes  NaHO 
per  litre)  to  remove  salicylic  acid  and  albuminoids.  The  residue  is 
rinsed  off  the  filter  with  wanu  water,  the  liquid  heated  to  boiling 
while  constantly  stirred,  so  as  to  gehitinise  the  starch,  and  the 
product  treated  with  ii  known  measure  of  recently-prepared  uul 
filtered  cold  Infiieion  of  malt,  of  which  the  specific  gravity  1ms 
been  previously  ascertained.  The  mixture  is  kept  at  a  tempera- 
ture of  about  60°  to  63"  C,  with  occasional  stirring,  until  a  dnjp 
taken  out  with  a  glass  rod  and  added  to  a  drop  of  diluted  iodine 
solution  on  a  porcelain  plate  shows  no  blue  or  brown  coloration. 
The  solution  is  then  filtered,  made  up  to  a  definite  voliuae,  and  its 
siMJcific  gravity  accurately    ascertained.     From  the   excess  of  the 

'  lu  very  nccuratv  experiuieiits,  it  may  be  well  to  estioiite  the  a-ainjlan 
(ireeeut  in  the  solution.  For  this  purpose,  75  e.c  of  the  above  solution  should 
benvaporat**!  toahont  aOc.p.,  cooled,  aud  60  c.c.  of  rectified  spirit  added.  A 
few  drops  of  hydrochloric  ncid  a™  than  added,  and  the  opalescent  liquid  rtirrftd, 
wheu  a  flocculent  prEcipttate  will  prohahty  be  prodacod.  This  is  allowed  to 
subside  and  the  clear  superaatuit  liquid  is  itecanted  otT.  The  residue  ia  Uieu 
washed  with  alaahol  of  D'SS  apeuific  gravity,  dehydrated  by  treatment  with  aCroDg 
alcohol,  and  cotlected  on  a  tared  filter.  It  i^  then  dried  in  etuua  ovw 
sulphuric.auid,  and  afterwards  in  dry  nir  nt  100°  C. ,  being  subsequently  weigtiKL 
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(tensity  over  wiiU<r  in  subtracted  tliu  deaxity  duo  to  thii  infunou 
of  malt  used,  uUowamie  being  made  for  the  increased  volume  of  the 
liquid,  when  the  ditfereiiee  represents  the  density  due  to  the  starch 
dissolved,  and  this  number  divided  by  4'096  (  =  3-95  X  1037)  gives 
the  nuDibnr  of  j;ranimcs  of  starch  in  each  100  r.c.  of  tlie  solution.^ 

812.  For  teehnicat  purposes  it  isaoinetimes  desired  to  determine 
the  projxirtiou  of  Btarcli  existing  in  p  <►  t  n  t  o  e  s.  This  can  be  done 
in  a  rough  and  ready  manner  by  ascertaining  the  specific  gravity 
of  the  tuber.  The  unpeeled  potatoes,  freed  from  dirt,  are  placed 
in  a  solution  of  salt,  which  is  then  diluted  with  water  till  some  of 
the  individual  tubers  sint,  while  "thera  just  float.  The  density  of 
the  saline  solution,  bs  ascertained  by  a  hydrometer,  is  then  equal 
to  the  average  s|;H!cific  gravity  of  the  potatoes.  Another  method 
consists  in  taking  5  kilogrammes  of  th«  potatoes,  and  then  weighing 
in  water,  The  weight  in  water  divided  Into  the  original  weight  in 
air  gives  the  specific  gravity.  Tables  have  been  compOed  for 
•scertaiiiing  the  percentage  of  starch  from  the  specific  gravity  of 
the  potatoes.  The  most  complete  table  is  that  of  Heidepnem 
(Jour.  Ch^ni.  Siir.,  Kxxii.  233),  for  which  niay  be  substituted  the 
following  formulae,  in  which  W  is  the  weight  of  5  kilogrammes  of 
potatoes  immersed  in  water. 

("W— 285)  ■0524-    7  13  =  percent)^  of  starcli;  and 
(W-285)  ■052+14-35  =  percentage  of  solid  matter. 

t)13.  Commercial  Starch  is  usually  obtained  front  wheat, 
rice,  maize,  or  |)otatoe«.  T!iin  statement  applies  simply  to  the 
varieties  uf  starch  sold  under  that  name,  for  arrowroot,  tapioca, 
ssgo,  and  farinaceouH  foods  often  consist  c>f  starch  in  a  condition 
of  considerable  purity.  The  origin  of  a  si>ecinicn  of  starch  can 
usually  be  ascertaineil  by  observing  its  appearance  under  the  nucro- 
acopo  (par.  795). 

Commercial  starch  is  generally  very  pure,  though  occasionally 
it  may  contain  traces  nf  vegetable  fibre  and  of  albuminoid  mattera. 

Starch  ofti-u  occurs  in  commerce  in  irregular  elongated  lumps, 

'  'n»u,  BUppoM  10  grammes  of  itie  Kitnple  be  takeu,  anJ,  after  treatment 
irilh  «tlier  ind  ulicylic  acid  and  soda  Eototiaiis  id  the  muiDcr  drscribed,  tbe 
noidne  b«  treated  with  £0  cc.  of  wattrand  .■>  cc.  of  inriiriuii  of  inalt  aflOSO 
tip.  gmvityi  tlie  liquid  being  aiibseijuonlly  made  up  'o  100  c.k.  ntid  found  to 
have  ft  density  of  1033.  Then,  the  correctiori  due  to  the  iiiaU-eitract  will  be 
(1060  -  10001  x5_  3,  this,  Bubttact«d  from  the  dlffercnre  betweeu  the  density 

of  the  Mlution  aud  that  of  natcr  (1033  - 1000  -  33)  luavca  30  as  the  excess 
denmty  consed  by  the  solutian  of  tbo  starch  at  the  latnple  ;  and  this  Rgan, 
divided  by  4086,  gives  7-824  gnnitnes  pr  100  clv,  or  iu  the  10  gnunmes 
taken;  or  78-34  per  cent,  of  MUreh  in  tlie  saiuple. 
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having  a  basaltic-like  structure.  This  appearance  is  es|)ecially 
characteristic  of  wheat  starch,  the  small  admixture  of  gluten 
causing  the  granules  to  cohere.  An  admixture  of  potato  starch 
with  wheat  starch  prevents  agglutination,  and  tends  to  cause  the 
starch  to  fall  to  powder. 

The  ash  of  commercial  starch  should  be  very  trifling  in  amount 
Its  determination  serves  to  detect  any  mineral  additions. 

814.  The  proportion  of  scoter  in  air-dried  starch  averages  about 
18  ly&T  cent.,  but  is  liable  to  considerable  variation.  It  may  be 
determined  by  drying  the  starch  in  a  vacuum  over  sulphuric  acid, 
till  constant,  and  then  in  a  current  of  dry  air  at  100"'.  Saare  ha? 
described  a  method  of  approximately  estimating  the  water  in  potato* 
starch,  which  consists  in  placing  100  grammes  of  the  sample  in  a 
250  C.C.  flask,  filling  the  flask  to  the  mark  with  water  at  17  "5°  C. 
and  observing  the  weight  of  the  contents.  There  is  no  occasion  to 
employ  the  large  quantities  of  starch  and  water  recommended  by 
Saare.  Hegive«  a  table  (Jonr,  SffC.  Chein,  If  id.,  iii.  527)  by  which 
the  proportion  of  water  is  directly  shown,  but  the  following  rule 
may  be  employed  instead : — From  the  weight  of  the  starch  and 
water  contained  in  the  bottle  subtract  250,  and  divide  the  differ- 
ence by  0*3987,  when  the  dividend  will  be  the  percentage  of 
starch  in  the  sample.  This  instruction  applies  to  the  quantities 
of  starch  and  water  prescribed  by  Saare,  but  the  following  is  a 
more  general  expression  of  the  rule  : — 

Contents  of  bottle  in  grammes  minus  cupaciry  of  bottle  in  c.c,      (^^e  number  of  grammes  of 

—   —       —    —   -   = -anhydrous  starch  In  weight 

•H9f<7  (of  sample  tolccn. 

815.  DEXTSIN. 
Amylin.    (CeHioOs)^. 

Dextrin  is  a  product  obtamed  by  treating  starch  or  amylaceous 
]x)dies  in  certain  ways.  The  following  modes  of  treatment  cause 
a  formation  of  dextrin  : — 

(a)  By  heating  starch  or  flour  to  a  tempenitui*e  varying  froiu 
210^'  to  280*^  C,  till  it  acquires  a  yellow  or  browaiish  colour. 
The  change  is  greatly  facilitated  by  moistening  the  starch  with 
dilute  nitric  acid,  and  then  slowly  drying  the  paste  and  heating  it 
for  some  time  to  about  llO""  to  150''  C. 

(b)  By  boiling  starch  with  dilute  sulphuric  acid  till  the  cooled 
liquid  no  longer  gives  any  coloration  with  solution  of  iodine. 

{c)  By  treating  gelatinised  starch  with  warm  water  and  a  small 
({uantity  of  malt-extract. 

Process  a  is  largely  employed  for  the  manufacture  of  solid  dex- 
trin, which  is  known  in  commerce  by  the  name  of  British  gum, 
g  ()  m  m  ti  1  i  n  e,  s  t  a  r  c  h  -  g  u  m,  &c.      Processes  b  and  r  result  in 


CHAiiACTEBS   OK   llEXTHLV. 


347 


n  siinnltaDeous  fonuatiou  of  ninl  t  ose,  as  descrilied  in  par.  615  ;  l> 
is  used  for  the  prt>]Ntrotion  of  commercial  j^'Iuuobu,  imd  a  ia  the  reac- 
tioii  vrliiuli  takes  ptuce  in  maafaing  molt  for  thi.'  manttfactore  of  beer. 

816.  Several,  ami  not  impossibly  many,  varieties  of  dextrin  exist, 
all  being  apparently  fanned  by  the  breaking  up  of  the  highly 
complex  starch  molecule  by  treatment  with  dilute  acids  or  ferments. 
There  la  no  ready  method  of  diatingiiiahing  the  dilfereut  varieties 
with  certainty,  except  that  one  kind,  or  possibly  class,  nf  dextrin 
giTBB  a  reddish-brown  colour  with  solution  of  iodine,  wliile  the  other 
kind  or  class  produces  no  coloration.  The  ery  thro-dextrin, 
the  kind  giving  tlie  brown  colour  with  iodine,  is  an  inteimediat*^ 
product  of  the  formation  of  achio-dextrin  from  starch.' 

The  liest  method  of  applying  the  iodine  reaction  as  a  test  for 
erythroJextrin  is  to  divide  a  very  weak  solution  of  the  iodine  in 
iodide  of  potassium  into  two  parts,  and  place  the  slightly  yeUow 
liquid  in  ai^acent  test-tubes  or  glass  cylinders.  On  then  adding 
the  solution  to  be  tested  to  one,  and  an  ec^ual  measure  of  water  to 
the  other,  any  brownish  coloration  will  be  readily  observed.  lu 
presence  of  starch,  the  blue  colour  is  apt  to  obscure  the  brown 
tint  produced  by  the  ery  thro-dextrin.  This  may  be  avoided  to 
some  exteut  by  employing  the  iodine  solution  somewhat  in  excess, 
so  as  to  get  a  full  development  of  the  brown  colour. 

817.  Pure  dextriu  is  a  white  amorphous  solid.  It  is  tasteless, 
odourless,  and  iion-volatde.  Dextrin  is  very  deliquescent,  and 
dissolves  in  an  equal  weight  of  cold  water  to  form  a  syrupy  and 
strongly  dextro-rotatory  liquid*  which  is  miscible  with  1  j  meiuturc'.i 
of  proof  spirit.  By  strong  spirit,  if  used  in  sufficient  quantity, 
dextrin  is  completely  separatiid  from  its  aqueoiis  solutions, 

818.  Cold  concentrated  sulphuric  acid  dissolves  dty  dextrin 
without  colour,  but  charring  takes  pUee  nn  warming.  By  boiling 
with  dilute  acids,  dextrin  yields  maltose  and  ultimately  dextrose 
{see  par.  50S).'  Hot  nitric  acid  of  1"35  specific  gravity  converts 
dextrin  in  part  int<j  oxalic  acid,  whereas  the  natural  gmw 
yield  m  u  c  i  c  acid  under  similar  conditions.     . 

'  AcvoniiDg  to  Uusculus  and  Mejur  {Jonr.  Cheai.  Hoc.,  xl.  670},  erythro- 
daxtriti  iK  H  varJBty  of  aolublo  starch.  They  oht^iuLil  thu  iulensv  ted  colonr 
which  characterinea  erythro-dextrin  wlKin  h  half  [ler  cont.  solution  of  soluble 
■tarcli  was  added  to  a  solution  of  a  hiftlior  doxtrin  which  gave  a  imre  jbHow- 
brown  colour  vith  iodiue. 

'a»-200aurl  8,-222,  Thtae  eoirected  figures  for  the  »[ieoific  rotation  of 
dextriu  kv  somewhat  higher  than  those  givuu  iu  previoiu  pitragrBpha, 

■  According  to  Mosculus  and  Meyer  the  r6-oonviir»ion  of  dcitrose  into  a 
Tarietf  of  dextrin  can  bo  effected  by  dissolving  the  glucose  in  strong  anlpliuric 
acid,  heating  the  mixture  to  60°  till  it  becomes  browa,  and  then  throwing  it  into 
e  quantity  of  absolute  alL-ohul.     On  bailing  the  product  with  water  u 

low  amoriihous  tubsb  in  formed  liaviuf;  tlio  chiimctcra  of  dextrin. 
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819.  Dextrin  is  JistiiigiiisLeil  from  starch  by  ite  solubility  b 
cold  water;  from  soluble  Ktarch  by  yielding  no  blue  colour  wiUi 
iixiiiie  wlion  teatw.1  jib  deacribeil  in  i>ar.  808,  and  do  precipitate 
with  baryta  water;  from  maltose  and  dextrose  by  not  redudii},' 
Felding*!!  solution ;  from  starch,  soluble  starch,  gelatin,  and  «^' 
albumin  by  not  yielding  a  precipitate  with  tannin;  from  albumin, 
liy  not  being  coagulated  by  heat  or  mineral  acids. 

820.  I)extriu  is  separated  from  starch  and  cellulose  by  sulutiou 
in  cold  water;  coagulable  albutninoids  may  then  bo  separated  by 
raising  the  faintly  aeid  solution  to  boiling.  An  ammuniacal 
solution  of  avetate  of  lead  added  to  the  cold  and  dilute  liquid  is 
stated  to  precipitate  tlie  dextrin,  leaving  the  sugar  in  solution.  The 
precipitate  may  be  dried  at  1 00°  C,  and  is  said  to  have  the  formult 
PbO,C^ijOj.  Anothnr  method  consists  in  precipitating  ths 
dextrin  by  means  of  a  large  proportion  of  alcohol,  washing  thp 
precipitate  with  rectified  spirit,  and  drying  it  at  110°  C.  After 
weighing,  the  dextrin  should  be  ignited,  and  the  resultant  asli 
dfiilucted  from  the  total  weight  obtained. 

The  proportion  of  dextiin  present  in  a  solution  also  coutoining 
maltose  and  dextrose  may  lie  determined  by  observing  the  rotfttotj 
action  of  the  Uqiiid,  togetlier  with  its  apocific  gravity,  and  reducing 
action  on  Felding'e  solution.  Further  information  on  the  det«^ 
mination  of  destiin  will  lie  found  in  pars.  508,  548  to  .554,  635  to 
638,  696  to  705,  and  728. 

631.  Commercial  Dextrin. 

Commerciid  dextrin,  or  "British  giiiu,"  is  now  manufacturoil  ex- 
tensively by  moistening  starch  or  flour  with  a  mixture  of  dilute 
nitric  and  hydrochloric  acids,  and  then  exposing  it  to  a  tompenttuw 
of  100°  to  125^"  C.  Either  nitric  or  hydrochloric  acid  singly  may 
be  substituted  for  the  mixture,  or  oxalic  acid  may  be  employed. 

822.  Commercial  dextrin  is  a  white,  yellowish,  or  light  brown 
powder.  It  consists  laigely  of  erythro-destrin,  aad 
hence  its  aqucoun  aolutirin  gives  a  brown  poloration  with  iodine, 
unless  this  reaction  is  obscured  by  the  blue  colour  produced  by  a 
considenible  proportion  of  soluble  »tarch.  For  most  purposes  this 
admixture  is  unobjectionable,  provided  that  it  does  not  exceed  12  or 
1 6  per  cent. '  Unalfm-ed  utareli  may  be  recognised  by  the  microscope 
and  its  insolubility  in  cold  wati'r.  Reducing  mgar»  (maltose)  art 
nearly  idways  present  in  commercial  dextrin,  and  may  be  detected 
and  estimated  by  Fehling's  solution. 

Many  mixtures  of  starch  and  dextrin  are  employed  its  tliicken- 
ing  agents  in  calico-printing,  &c.  "Gloy"  consists  essentially 
of  farina  mixed  with  a  soluticn  of  magnesium  chloride. 

Uextiin  syrups  an'  largely  employed  by  mnfectioners. 
Tlicir  exaniinatirm  is  di-RcrilK'il  in  par.  691  et  spy. 
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Till!  luuthod  of  distiiignishing  conimertial  dextrii; 
,  rabic  is  (leacrilipd  in  |mr.  837. 


823.  GUMS. 

Frpnch.— 


Gfrman.— 


Oiiiiis  lire  (I  peculiai  class  of  Ixidies  occurring  iii  the  juicun  of 
plants.  Tliey  are  perfectly  non-volatile,  have  Kttle  or  no  taste,  are 
uncrystallisable,  and  eminently  enlloidal.  These  characters  render 
their  purification  very  difficult,  nud  hence  but  little  is  known  of 
their  chemical  relationships.  Many  of  them  appear  to  be  true 
iaonien;  of  starch,  but  others  have  »  different  composition.  For 
convenience,  vorioiiB  pectous  bodies  are  daesed  with  the  gums. 

The  analytical  characters  of  the  gums  as  a  class  are  indicated  by 
the  following  facts,  whidi  are  also  a]iplied  to  their  separation  front 
similar  bodies. 

824.  (Jums  are  either  soluble  iu,  or  swell  up  in  contact  with, 
cold  water,  a  character  which  distinguishes  them  from  starch, 
(lellnlose,  and  resins.  They  differ  from  the  sugars  by 
being  inciitable  of  fermentation  by  yeast,  and  from  the  sugars 
and  reaiua  by  their  insolubility  in  alcohol.  From  dextrin 
the  gums  soluble  in  water  are  distiikguished  by  their  l(evo-rotatory 
power  and  acid  reaction,  and  by  yielding  mucic  acid  by  treatment 
with  moderately  concentrated  nitric  acid.^  Roichl  and  Breiul  stati! 
that  arabin  and  bassorin  are  distinguishable  from  dextrin  by  the 
blue  flocculent  mass  they  yield  when  heated  with  hydrochloric 
acid  and  oreinol,  dissolving  in  alcoholic  ]>otasli  to  form  a  violet 
Botution  showing  a  green  florescence.  Fragments  of  wood,  contain- 
ing only  traces  of  wood-gum,  when  boiled  with  hydrochloric  acid 
and  oreinol  show  the  reaction  quite  distinctly.  From  ery  tbro- 
d  e  x  t  r  i  n  and  starch  the  gmns  ditfer  by  giving  no  colour  with 
solution  of  iodine,  and  from  albuminoids  they  are  distin- 
guished by  not  yielding  ammonia  when  ignited  with  soda-lime. 

835.  The  gums  having  been  very  imperfectly  studied,  it  is  im- 
possible to  arrange  them  with  any  degree  of  scientific  accuracy. 
They  may,  however,  be  conveniently  classified  according  to  their 
behaviour  when  treated  with  cold  water  and  dilute  acids.  Thus 
the  gums  of  which  gum  arable  is  the  type  are  dissolved  by 
cold  water,  and  are  not  readily  precipitated  by  acids.  Pectin 
fonus  a  jelly  when  its  aqueous  solution  is  faintly  acidified,  while 
gum  tragacanth  merely  swells  up  when  treated  with  cold 
water,  without  undergoing  notable  solution. 

'  AoeordinK  to  NSgeli  and  Cramer,  quince  .mac  Qaga  yields  no  nineic  Bciil  by 
tritli  nitric  acid.  Mucic  Bcidgiveaa  crimiuia  coloration  whvn  tieati^il 
.entnted  8u1[)hunc  acid. 
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826.  The  foregoing  table  shows  the  leading  properties  of  the  prin- 
cipal natural  gums  and  pectous  matters.  Gum  arabic  and  gum 
tragacanth  are  described  more  fully  in  the  following  sections. 

827.  Gum  Arabic. — Gum  Acacia. 

Gum  arabic  is  the  dried  exudation  from  the  bark  of  various 
species  of  Acacice.  Strictly  speaking,  "  gum  arabic  "  is  the  generic 
name,  "gum  acacia"  being  properly  limited  to  the  superior  qualities 
employed  in  medicine.  These  are  largely  obtained  from  the  Soudan. 
The  finest  kind  of  gum  arabic  occurs  in  commerce  in  hmips  of 
various  sizes,  colourless,  and  full  of  minute  cracks.  Gum 
Senegal  forms  yellowish  or  reddish  lumps,  often  of  the  size 
of  a  pigeon's  egg,  and  not  having  the  minute  cracks  of  the  better 
varieties.  It  is  less  readily  soluble  than  true  gum  arabic,  and  its 
solution  soon  becomes  very  dark  in  colour. 

828.  Gum  arabic  consists  essentially  of  the  calcjum  salt  of 
arabin  or  arabic  acid,  which  may  be  obtained  pure  by 
dialysing  a  solution  of  the  gum  previously  acidulated  with  hydro- 
chloric acid.  The  colloid  liquid  thus  obtained  is  /cpt'o-rotatory, 
and  is  not  precipitated  by  pure  alcohol,  but  is  thrown  down  if  a 
trace  of  any  acid  or  salt  be  present.  After  being  evaporated  to 
dryness  and  heated  to  100°  G,  the  arabin  does  not  re-dissolve, 
even  in  hot  water,  but  swells  up  into  a  gelatinous  mass,  which 
gradually  dissolves  on  treatment  with  soda,  or  lime  or  baryta 
water,  yielding  a  liquid  indistinguishable  from  the  aqueous  solu- 
tion of  ordinary  gum  arabic. 

829.  Arabic  Acid  or  Arabin  has  been  recently  studied  by 
C.  O'Sullivan,  who  has  disproved  the  formula  C^fl^fin  commonly 
attributed  to  it.  He  finds  it  to  contain  CggHj^g^Vi*  ^^^  calcium 
salt  having  the  formula  CggHj^g^y^jCaO,  so  that  the  free  acid 
appears  to  be  really  an  anhydride.  By  heating  with  dilute 
sulphuric  acid,  arabic  acid  is  split  up  into  a  series  of  dextro- 
rotatory glucoses  or  arabinoses,  of  which  at  least  four  species 
have  been  already  recognised,  and  a  whole  series  of  acids,  called 
arabinosic  acids,  having  a  smaller  number  of  carlx)n  atoms 
than  arabic  acid  itself^  {Jour,  Chem.  Soc.y  xlv.  41). 

830.  Most  varieties  of  gum  arabic — including  the  Levantine, 
Sennaar,  East  Indian,  and  Senegal — are  IsBvo-rotatory,  but  Austra- 
lian gum  is  often  optically  inactive,  while  Gedda  gum  is  dextro- 

^  The  first  change  by  the  action  of  sulphuric  acid  may  be  assumed  to  be  as 
follows : — 

^88"  141^74  "J"  "a^—  CjHjjOg  +  ^83lll8S^69* 

By  further  action  of  sulphuric  acid,  O'Sullivan  obtained  evidence  of  the  exist- 
ence of  the  following  series  of  acids,  differing  from  each  other  by  C^HioOs,  or  a 
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rotatory.  Chemically,  these  gums  are  analogous  to  the  dextro- 
rotatory varieties. 

The  inferior  qualities  of  gum  contain  a  small  percentage  of 
a  reducing  sugar,  which  may  he  removed  by  treatment  with 
alcohol 

The  8i>ecific  gravity  of  air-dried  gum  arabic  ranges  from  1*35  to 
1*49,  but  when  completely  dried  at  100°  it  loses  about  13  per 
cent,  of  water,  and  the  density  increases  considerably. 

831.  Gum  arabic  has  a  very  faint  odour  and  a  mucilaginouf^ 
insipid  taste.  It  dissolves  slowly  in  about  twice  its  weight  of 
water,  forming  a  thick  transparent  mucilage  of  acid  reaction.' 
Gum  is  slightly  soluble  in  dilute  spirit,  but  quite  insoluble  in 
liquids  containing  more  than  60  per  cent,  of  alcohol,  and  is  pre- 
cipitated from  its  aqueous  solution  on  addition  of  a  large  proportion 
of  spirit. 

832.  The  aqueous  solution  of  gum  arabic  is  not  precipitated  by 

multiple  of  this  group,  which  appears  to  be  split  off  from  the  molecule,  and 
undergoes  conversion  into  glucose  by  hydrolysis: — 


Acid. 

Formula. 

sj. 

BaO  in  Barinm  Salt 

Arabic 

C89lll4«074 

-27 

6  00  per  cent 

o-Arabinosic 

CsaHiaa^M 

•  •  « 

6-41        „ 

/3-Arabinosic 

C77H,22054 

«  •  • 

■  •  • 

^-Arabinosic 

C71HJ13059 

•  •  • 

7-42        „ 

©-Arabinosic 

^ii^sfiv 

inactive 

11-71        „ 

t-Arabinosic 

^M"B8^K 

•  •  « 

13-38 

ic-Arabinosic 

^2»"48^'J7 

•  •  ■ 

15-59 

\-Arabinosic 

CjjHjgOjgj 

•  •  • 

18-68 

From  some  laevo-rotatory  specimens  of  gum  arabic  O'Sullivan  has  isolated 
arabic  acids  having  an  optical  activity  varying  from  Sj  —  -  22"  to  Sj  =-  -  34*, 
the  value  of  Sj  for  the  normal  arabic  acid  containing  C^  being  -  27  to  -  28*. 
The  less  optically  active  acids  yielded  barium  salts  containing  from  6*5  to  6-7 
of  BaO,  and  hence  probably  contain  a-arabinosic  acid  ;  while,  on  the  other 
hand,  the  fractions  of  highest  opticity  gave  barium  salts  containing  only  5*6 
to  6-8  per  cent,  of  BaO,  suggesting  the  probable  presence  of  an  acid  of  the 
formula  CgsHissOgo* 

The  glucoses  formed  by  the  action  of  dilute  sulphuric  acid  on  arabic  acid  had 
the  following  reducing  and  rotatory  powers  : — 


a-arabino8c. 

/S-arabinoAe. 

y-arabino8c. 

^-arabinose. 

K 

•  •  • 

110 

100-5 

81  to  82. 

Sj 

above +  140 

+  111 

+  91 

+  79  to  81. 

1  Suakim  gum,  which  is  quite  brittle,  is  often  not  wholly  soluble  in  water, 
but  yields  with  it  a  pasty  mass  of  rather  strong  acid  reaction,  depositing,  when 
diluted  with  water,  transparent  globules,  said  to  consist  of  metagummic  acid 
which  may  be  rendered  soluble  by  adding  a  little  potash  or  lime-water. 
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neutral  lead  acHtate,  but  with  tho  basic  acotute  it  forms  a  white 
jelly.  Its  solution  is  also  precipitated  by  potassium  or  sodiuui 
silicate,  borax,  animouiuni  oxalate,  mercuric  cliloride,  and  ferric 
saltfl. 

833-  Tbe  proportions  of  muuic  acid  obtainable  from  the  ditlVi'- 
ent  yaiieties  of  t^un  by  oxidation  with  nitric  acid  have  been 
deteimined  by  Kiliani  {Ber.,  xv.  34),  who  found  araounta  varying 
from  1-1-3  per  cent.,  from  a  sample  of  East  Imliiiu  giim,  to  38'3 
per  cent,  from  an  Australian  sample.' 

834.  By  adding  a  saturated  solution  of  aluiuiniuni  sulphate  to 
oue  of  gum  arabic,  the  adhesive  properties  of  the  latter  are  said 
to  be  much  increased,  owing  to  the  formation  of  aluminiuui 
arabate,  while  calcium  sulphate  is  gradually  deposited. 

839.  The  presence  of  ^m  arabiu  in  a  solution  prosento  the  for- 
mation of  a  number  of  characteristic  precipitates  (Lefort  and 
Thibault,  Pharm.  Jour.,  [3]  xiii.  301),  a  fact  which  is  of  import- 
ance in  toxicological  researches.  Tlius,  in  presence  of  gum  arabic, 
dilute  solutions  of  mercury,  lead,  copper,  silver,  iron,  arsenic,  Ac, 
do  not  give  precipitates  with  sulphuretted  hydrogen  or  alkaline 
sulphides,  though  the  liquids  acquire  a  colour  corresponding  to  the 
sulphide  of  the  heavy  metal  which  would  otherwise  he  precipitated. 
The  precipitation  of  calcium  phosphate  and  uranyl  ferrocyanide  is 
prevented  in  a  similar  manner,  while  in  presence  of  gimi  arabic  the 
alkaloids  are  not  precipitated  by  sodium  phosphoraolylidute,  potaasio- 
mercuric  iodide,  or  tannin. 

836.  Assay  of  Gum  Arabic, 

Gum  arabic  should  not  contain  more  than  about  4  per  cent,  of 
aeh.  It  should  be  soluble  almost  without  residue  in  cold  water 
^see  footnote  on  page  352).  The  solution  should  be  free  from 
utarch  and  dextrin,  as  indicated  by  the  negative  reaction  with 
iodine  solution;  hut  should  be  rendered  turbid  by  oxalic  acid, 
which  the  solution  of  dextrin  is  not.  The  better  kinds  of  gum 
arabic  do  not  reduce  Fehling's  solution  when  heated  to  boiling 
with  it,  any  red  precipitate  being  due  to  the  presence  of  a  reducing 
Rugor,  small  quantities  of  which  exist  naturally  in  certain  inferior 


it  of  the  guma  with  nitric  acid  was  condocteil  iu  the  foUowinff 
nuuinor : — 2gn>mmesTreiglit  oCtlic  powdered  sample  nasdJgeslAd  at  60°  C,  with 
S  CO.  of  uitric  acid  of  1  '2  speciGi:  gravity,  until  the  whole  became  a  lohil  msas 
ntnrated  with  the  Uqoid.  Another  5  c.e.  of  nitric  acid  was  Iben  added  and 
the  liquid  filtered.  The  rcsiduv  or  mucic  ncid  waa  washed  thoroughly,  dried 
at  llW,  and  weighed.  The  filtrate  and  waahinga  were  evaporBled  together 
snd  again  treated  with  nitric  add,  when  a  furtlier  quantity  of  muck  acid  was 
obtained,  while  a  third  treo-tmeut  generally  yielded  only  a  trace  in  addition. 
VOU  1.  2 
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vftrietiee  of  jpim,  though  any  conaidtmble  quantity  has  pKibftM]r 
been  introduMd  as  an  impurity  in  an  admisturo  of  dextrin. 

837.  According  to  Z,  ttoiissin  (Jmir.  de  PhamtMie,  [i]  vii. 
251),  ffum  arabie  and  dejrtnn  may  be  distinguisbed  nnd  gepanted 
by  nieans  of  ferric  chloride,  which  precipitates  the  former  only. 
The  solution  is  conventrotad  to  a  syrup,  mixed  with  ten  tiniea  it8 
volume  of  rectified  spirit,  und  the  resnltiint  precipitate  washed 
with  rectified  Hpirit  and  dried.  1  granune  of  the  dry  ruMdue 
is  then  dissolved  in  10  c.c.  of  water,  the  solutiou  mixed  wifll 
30  c.c,  of  proof  spirit,  4  drops  of  ferric  cliloride  solution  (contain- 
ing 26  per  cent,  of  the  anhydrous  chloride)  added,  followed  by 
few  decigrammeB  of  powdered  chalk;  and  after  stirring  bridtly 
and  leaving  the  liquid  at  rest  for  a  few  minutes  it  is  filtered.  The 
precipitate  is  wnshod  with  proof  spirit,  and  the  dextrin  is  preciitt- 
tated  from  the  filtrate  by  adding  very  strong  alcohoL  After 
twenty-four  hours  the  spirituous  liquid  is  decanted,  the  dextrin 
dissolved  in  a  small  quantity  of  water,  the  resultant  solution  eva^xff- 
ated  at  100",  and  the  residue  weighed.  The  precipitate  containiii^ 
the  gum  must  be  dissolved  iu  dilute  hydrochloric  acid,  the  anbia 
precipitated  by  adding  absolute  or  very  strong  alcohol,  and  after 
washing  with  spirit  ts  dissolved  'in  water,  the  solution  evapoialed, 
and  the  residue  weighed.  The  precipitation  of  gum  arable  from 
dilute  alcoholic  liquid  by  ferric  chloride  and  chalk  is  so  complete 
that  nothing  but  calcium  chloride  can  he  found  in  the  filtrate, 
while  the  precipitate  similarly  produced  in  a  solution  of  dextrin  if 
perfectly  free  from  the  latter  body.  By  the  fonnation  ot  a  clood 
on  adding  ferric  chloride  alone,  the  presence  of  gum  arable  is 
ciently  demonstrated,  while  the  clouding  of  the  filtrate  from  the  iKm- 
chalk  precipitateon  addition  of  alcolinl  proves  the  presence  of  dextrin. 

Another  test  by  which  gum  orahic  may  be  distinguished  fnmt 
dextrin  is  given  on  p^e  349.  A  large  proportion  of  dextrin  would 
he  indicated  by  the  dextro-rotatory  action  of  the  solution,  but  tike 
variation  in  the  optical  activity  of  both  natural  gura  arahic  and 
commercial  dextrin  would  prevent  the  quantitative  applicaticQ  of 
the  test. 

For  the  separation  of  guni  arable  from  im{}ar,  Andouard  dilutes 
10  graraniea  of  the  syrup  with  100  c.c  of  spirit  of  "800  specific 
gravity,  adds  20  drops  of  acetic  acid,  and  stirs  vigorously.  Aftet. 
three  hours  the  liquid  is  poured  on  a  double  filter,  when  the 
forms  a  calte  which  readily  drains.  This  is  dissolved  in  a  lit& 
water,  and  the  precipitation  repeated,  the  precipitate  washed  with' 
alcohol,  dried  at  100°  and  weighed.  It  is  then  exposed  to  tin 
atmosphere  for  twenty-four  hours,  when  it  will  have  taken  up  ito' 
normal  amount  of  moisture. 


GOil   TllAGAUANTJL  355 

.  The  inferior  kinds  of  gum  are  largely  employed  as  tbidc- 
[  agente  in  calioo-printing.  Good  gum  neither  tamiahea  nor 
t  delicate  colouia,  and  does  not  weaken  the  mordants.  The 
action  of  guius  ou  delicate  colours  may  bn  uscertained  by  printing 
n  solution  of  the  sample  mixed  with  uochineal-pinJt  or  fuchsine 
upon  pure  wool ;  the  fabric  h  then  ateamed  and  washed,  when,  if 
the  giun  be  pure,  there  will  be  no  trace  of  yellowness  apparent. 
Too  great  an  acidity  of  the  gum  gives  it  a  solvent  action  on  mor- 
tlants,  and  hence  renders  it  unsuitable  for  use, 

839.  The  relative  viscosity  of  sampiles  of  gum  is  an  im- 
portant character  in  judging  of  their  qiiality.  This  may  be  tested 
by  making  eolutiona  of  10  grammes  of  each  sample  in  a  Uttle  warm 
water,  diluting  the  liquids  to  100  c.c,  and  ascertaining  the  rate  at 
which  Ibe  solutiona  flow  from  a  glasH  tube  drawn  out  to  a  (lue 
orifice.  A  recently  preparetl  suhition  of  gum  of  the  beat  quality 
should  he  used  as  a  standard. 

840.  Onm  Tragacanth. 

Gum  tragacanth  is  the  gimiuiy  exudation  from  Antraijaliut 
ffummifer  and  other  ulliei!  wpecies.  It  necurs  in  flattened,  teor-Iike 
masses,  strings,  or  curved  bandit,  which  are  usually  marked  with 
ridges  OT  other  indications  of  lamination. 

841.  According  to  Giraud,  gum  tragacanth  usually  contains 
about  60  per  cent,  of  a  peetinous  body  which  yields  pectic  acid 
by  boiling  with  water  containing  1  per  cent  of  hydrochloric  acid  ; 
from  8  t<)  10  per  cent,  of  soluble  gum,  probably  arabin;  5  to6 
per  cent  of  starch  and  collulosei  3  per  cent,  of  a s h ;  20 
jjcr  cent,  of  water;  imd  traces  of  nitrogenous  bodies. 
The  ash  is  chiefly  cidcium  carbonate. 

The  chamcteriatic  pectinous  constituent  of  gum  tragacanth  iu 
known  as  tragacanthin,  adracanthin,  or  bassorin, 
and  is  stated  to  have  the  composition  Ci^HjoOn,. 

842.  Tragacanth  is  usually  white  or  yellowish  (having  some- 
times been  bleached  by  cldorine),  but  the  inferior  varieties  have  a 
brownish  colour.  It  is  hard,  tough,  and  difficult  to  powder. 
Tragacautli  is  mluurless  and  tasteless,  and  insoluble  in  alcohol  or 
ether.  With  50  parts  of  water  it  swells  np  and  forms  a  thick 
jelly-like  mucilage,  without  actually  dissolving.  When  diffused 
through  a  much  larger  quantity  of  water  it  forms  a  ropy  liquid 
wliich  may  be  passed  through  a  filter,  leaving  an  insoluble  residue 
which  is  coloured  blue  by  ioduie  from  the  presence  of  starch. 
Mucilage  of  tragacanth  is  coloured  yellow  by  caustic  soda,  and  a 
solution  of  the  gum  yields  clear  mixtures  with  borax,  alkaline 
silicates,  and  ferric  chloride,  but  is  precipitated  by  alcohol  It  be- 
comes thick  ou  adding  neutral  or  basic  lead  acetate,  and  o. 
the  mixture  n  precipitate  is  formed. 
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843.  Before  beia^  ueed  for  calico-prioting,  gum  tragacantli  u> 
swelled  by  soakiug  in  cold  water  for  twenty-four  hours,  and  ftfter- 
wsrds  boiled  with  water  for  six  hours,  when  a  thick  homogeneoiu 
solution  results,  which,  however,  has  but  little  cohesive  power. 
The  comparative  viscosity  of  the  liquid  cod  be  ascertained  ae  in 
the  case  of  gum  arabie  (par.  839). 

814.  FBOXmATE  ANALYSIS  OF  PLANTS. 

The  quantitative  aepamtiou,  luid  even  the  qualitative  detediiuu, 
of  the  various  constituents  of  plants  is  often  attended  with  great 
difficult-  Owing  to  the  immense  variety  of  bodies  met  with  in 
the  vegetable  kingdom,  it  is  impossible  to  prescribe  any  detailed 
method  which  shall  be  suitable  for  use  in  all  cases.  It  is  how- 
ever, possible  tti  devise  a  scheme  of  general  proximate  analyaiF 
which  will  be  of  great  assistance  in  the  examination  of  plant 
products.  This  has  been  done  in  a  very  able  manner  b;  H.  B. 
Paraona  {Phami.  Jour.,  [3]  x.  793),  and  it  is  from  the  me^iodc 
described  by  him,  as  practised  in  the  laboratory  of  Professor  A.  B. 
Prescott,  that  the  following  tables  of  analysis  have  been  drawn  iqL 
It  must  be  distinctly  understood  that  the  sclieme  is  intended  W 
facilitate  the  systematic  analysis  of  vegetable  substances,  and  that 
bodies  of  certain  kinds  having  by  its  aid  been  proved  to  be  present 
should  bo  isolated  or  determined  by  the  special  methods  to  b» 
found  under  the  heads  of  cellulose,  etarcli,  dextrin, 
sugars,    cinchona    barks,    tannin,  &<:. 

MniatuTe  is  determined  by  drying  a  known  weight  of  the 
tinely-divided  substance  at  100  to  120°  C.  The  loss  of  wught 
represents  water,  and  sometimes  a  little  volatile  oil.  In 
some  coses  it  is  necessary  to  dry  the  substance  at  a  lower  tempen- 
ture,  or  to  employ  a  current  of  dry  coal-gas  or  carbon  dioxide. 

Mineral  Matter  is  determined  in  the  manner  and  with  the  prt- 
cautions  described  in  par.  95  <•(.  sf'i. 

Totai  Nitrogen  is  determined  by  igniting  the  substance  with 
soda-lime,  and  estimating  the  ammonia  formed.  The  amount  of 
nitrogen  found  may,  if  requbed,  bo  calculated  to  its  equivalent  la 
albuminoids  by  multiplying  it  by  the  factor  6-33. 

It  must  not  be  assumed,  however,  that  all  the  nitrogen  present 
exists  as  albuminoids,  the  contrary  being  commonly  the  cose.  An 
outline  of  the  method  of  estimating  the  nitrogen  existing  in 
various  forms  is  given  in  the  footnote  on  page  366,  but  if  alkaloids 
lie  present  they  must  be  isolated  by  separate  means. 

845.  Action  of  Solvents. — The  substance  is  then  submitted  lo 
a  systematic  treatment  with  solvents  and  reagents  in  the  Tn^nnar 
prescribed  in  the  following  tables  : — 
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846.  COUFOSmOK  OF  CEBEALS,  &c. 

A  very  laige  ntimber  of  analyses  of  wheat  and  other  grains  have 
been  published  by  different  chemists,  but  unfortunately  many  of 
them  are  of  doubtful  value,  owing  to  the  defective  methods  of 
analysis  employed. 

T^e  following  is  the  average  composition  of  the  cereal  grains, 
according  to  Chas.  Graham: — 


1 

OUWhMt. 

B«rte/. 

0M>. 

ay 

c.          Italie. 

Rice. 

i  Water, 

Ill 

]20 

H-2 

14 

3           11-6 

10-8 

StKCh, 

62-8 

527 

M 

}         54-8 

78-8 

|SSfi».;    : 

8-8 

11-6 

1-0 

*          14-9 

0-2 

8 '8 

t-2 

6-7 

11 

3           2-0 

1  Albuminoidis,     . 

10-9 

13-2 

16-0 

3           8-9 

7-2 

A*h,'         .         . 

1-6 

2-8 

2-2 

S            1-6 

0-8 

Lo»,  &c..  . 

0-8 

1-0 

0-2 

6           0-7 

0-4 

1 

1000 

100-0 

100-0 

100 

0    1  100-0 

100-0 

A.  H.  Church  gives  the  following  analyses  by  himself  in  illus- 
tration of  the  composition  of  representative  specimens  of  the  cereal 
grains  and  products  therefrom; — 
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847.  For  convenience  of  comparison,  the  following  analyses  of 


colled  pearl-barle;  eta 


'hiiskB,  the  reminder 
ititatra  only  about  one-third  of  the 
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other  vegetable  products  are  given.     They  are  selected  from  among 
a  large  number  published  in  Church's  valuable  work  on  Food: — 


Buck- 

Haricot 

Earth. 

wheat. 

Peas. 

Beans. 

Lentils. 

nats. 
Shelled. 

Water,      .... 

13-4 

14-3 

14-0 

14-5 

7-5    ! 

Albuminoids,  &c.,    . 

15*2 

22-4 

28  0 

24  0 

24-5 

Starch,  &c.,      . 

63-6 

61-3 

62-8 

49*0 

11-7 

Fat,          .... 

3*4 

2-5 

2*3 

2-6 

50-0 

Cellulose  and  Lignose, 

2-1 

6-6 

5-5 

6-9 

4-5 

Mineral  matter, 

2  3 

3  0 

2-9 

3  0 

1-8 

100-0 

100-0 

100  0 

100-0 

1 
Beet-root, 

100-0 

White 

1 

Potatoes. 

Turniiw. 

Carrots. 

Ked. 

Yam. 

Water,     .... 

76-0 

92-8 

89-0 

82  0 

79-6 

Albmninoids,  &c.,    . 

2-3 

0-5 

0-6 

0-4 

2-2 

Sugar,      .... 

■  •  • 

•  ■  • 

4-6 

10-0 

) 

Starch,     .... 

15-4 

•  •  • 

•  •  • 

•  •  • 

\  16-8 

Dextrin,  Gum,  and  Pectose, 

2  0 

4-0 

0-5 

3-4 

s 

Fat,          .... 

0-3 

01 

0-2 

0-1 

0-5 

Cellulose  and  Lignose, 

10 

1-8 

4-3 

30 

0-9 

Mineral  matter, 

1-0 

0-8 

1-0 

0-9 

1-6 

or 


848.  Albuminoids  of  Cereals. 

Of  the  bodies  kno\vn  to  chemists  as  albuminoids 
proteids,  numerous  species  are  foimd  in  the  vegetable  kingdom. 
Although  differing  somewhat  in  comi)osition,  the  percentage  of 
nitrogen  found  in  them  by  the  soda-lime  process  does  not  vary  very 
greatly  from  the  average  of  15*8.  Hence  it  is  very  usual  to  deduce 
the  proportion  of  albuminoids  present  by  multiplying  the  percent- 
age of  nitrogen  by  6*33  [  =  vw.o)*  ^^^  *^>  ignore  the  fact  that  the 

whole  of  the  nitrogen  of  plants  does  not  exist  in  the  form  of 
proteids,  but  may  be  present  as  true  albuminoids,  peptones,  alkaloids, 
amido-acids,  nitrates,  &c.  Hence  an  expression  of  the  proportion 
of  the  total  nitrogen  as  "  albuminoids "  is  very  misleading  if  the 
analysis  is  to  be  used  to  judge  of  the  suitability  of  a  cereal  for  bread- 
making,  or  as  an  article  of  diet  generally,  and  it  is  desirable  there- 
fore to  acquire  a  more  complete  knowledge  of  the  nature  and  amount 
of  the  nitrogenised  bodies  present  than  is  obtainable  from  a  mere 
determination  of  the  nitrogen,  and  the  calculation  of  the  amount 
found  to  its  equivalent  of  albuminoids.^ 

^  A  detailed  description  of  the  Ditrogenous  constituents  of  plants,  and  of  the 
methods  of  separating  them,  is  given  in  DragendorflTs  PlanU Analysis^  trans- 
lated by  H.  G.  Greenisli. 
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849.  Gluten. — When  wheaten  flour  is  kneaded  in  a  stream  of 
water,  the  starch  is  gradually  washed  away,  and  there  remains  a 
sticky  coliesive  mass  wliich  is  very  rich  in  nitrogen.^  The  "crude 
gluten"  so  obtained  consists  cliiefly  of  a  mixture  of  gluten- 
fibrin,  gliadin  or  glutin,  and  m  u  c  e  d  i  n,  with  small  quan- 
tities of  fat  and  mineral  matter. 

850.  GluUnv-Jibrin^  or  VegetMe  JiMn,  is  insoluble  in  water  or 
alcohol.  It  readily  undergoes  decomposition  in  the  moist  state,  first 
producing  soluble  albuminoid  bodies  and  ultimately  offensive  pro- 
ducts. Gluten-fibrin  constitutes  about  80  jDer  cent,  of  the  "  crude 
gluten,"  and  dissolves  with  facility  in  cold  dilute  acids  (acetic, 
citric,  tartaric,  hydrochloric),  and  in  caustic  alkali  It  is  precipitated 
from  its  acid  or  alkaline  solutions  on  neutralisation,  and  is  thrown 
down  by  cupric  iicetatc. 

Gluten-fibrin  may  be  obtained  pure  by  boiling  the  crude  gluten 
several  times  with  alcohol  of  '890  specific  gravity,  and  treating  the 
residue  with  weak  alkali.  The  intermixed  starch  and  cellulose  are 
left  insoluble,  while  the  fibrin  may  be  reprecipitated  from  the 
solution  by  adding  acetic  acid.  The  spirituous  solution  contains 
gliadin  or  (jJutin,  and  mucedin,  both  of  which  bodies  are  some- 
wliat  soluble  in  cold  water  and  weak  alcohol,  especially  when  hot, 
but  are  insoluble  in  absolute  alcohol.  Mucedin  is  deposited  when 
the  hot  spirituous  liquid  is  cooled. 

851.  To  determine  fliepropmiion  of  fjliUen  obtainable  from  floui-, 
50  grammes  of  the  sample  shoidd  be  triturated  in  a  mortar  witli 
30  grammes  of  water.  The  dough  produc(jd  should  leave  the 
mortar  without  leaving  a  trace  bcliind.  After  standing  at  rest  for 
three  or  four  hours,  the  mass  is  placed  in  a  fine  linen  cloth,  which  is 
then  tied  up  and  gently  kneaded  with  the  fingers,  while  a  fine  stream 
of  water  is  permitted  to  flow  on  to  it.  The  kneading  and  washing 
are  continued  until  the  water  wliich  runs  away  is  fomid  to  be  clear, 
and  hence  free  from  starch.  The  gluten  is  then  removed  from  the 
cloth  and  dried  slowly  at  110  to  120''  C.  Gluten  from  good  flour 
is  elastic  and  but  little  coloured :  that  from  damaged  or  inferior 
flour  adhei-es  to  the  cloth,  is  with  difficulty  imited  into  a  single 
mass,  and  has  less  consistency  and  a  liigher  colour  than  th(^  product 
from  good  floiu-.^ 

'  According  to  Weyl  and  Bisclioff,  if  the  flour  be  treated  with  a  15  per  cent, 
solution  of  chloride  of  sodium,  the  myosin  is  dissolved  out,  and  the  remain- 
ing flour  is  found  to  have  lost  the  property  of  forming  a  gluten- muss. 

-  When  the  gluten  is  not  to  be  subsequently  examined  in  the  aleurometcr, 
it  is  preferable  to  operate  on  10  grammes  of  the  flour,  instead  of  on  50  as  directed 
in  the  text. 

Tlie  following  alternative  method  of  determining   the  gluten  of  flour,  is 
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M.  Ballajid  has  pointed  out  {Compi,  remt,  xcvii.  496)  that 
the  proportion  of  gluten  obtained  from  the  same  flour  varies  with 
the  mode  of  opcrntion  and  amount  of  washing.  A  more  hydrat«id 
gluten  is  yielded  by  flour  from  auft  or  old  wheat  than  hard,  and  \ij 
frush  paste  than  by  paste  which  has  stood  ecveral  hours  before 
washing.  In  order  to  avoid  these  aoun-es  of  urror,  it  is  recom- 
mended that  50  gratnmea  of  the  flour  should  be  niisod  with  25 
grammes  of  water,  and  the  paste  allowed  to  stand  for  tweuty-fiv? 
ininutus.  It  is  then  divided  into  two  equal  portions,  one  of  which 
is  washed  immediately,  while  the  other  is  allowed  to  stsuid  an  hour. 
As  soon  B»  the  wash-water  is  clear,  the  glutens  are  tightly  [ireaseil 
and  weighed,  after  which  they  are  washed  for  another  five  minute* 
luid  again  weighed.  Four  numbers  are  thus  obtained,  and  th« 
mean  of  these  is  taken  as  the  true  amoxmt  of  gluten  present. 

852.  It  is  sometimes  of  advantage  to  ascertain  the  physical  cliaf- 
acters  of  the  crude  gluten  obtained  as  above.  This  is  facilitated  by 
the  use  of  the  aleuromcter,  an  instrument  devjaed  by  BoUand.  U 
consists  of  a  copper  or  brass  cylinder,  furnished  with  a  piston. 
From  30  to  50  grammes  of  flour  should  bo  washed  ui  tlio  manner 
already  described.  7  granmies'  weight  of  freshly  separated  gluten  is 
placed  in  the  cylinder,  and  the  piaton  pushed  down  tdl  it  refpsten 
25°.  The  cylinder  is  then  heatwl  to  150°  C.  for  ton  minute^ 
when  the  gluten  will  be  found  to  have  expanded  and  forced  up  the 
piston  to  an  extent  dependent  on  its  quality.  Good  flour  yiddfl  a 
gluten  which  will  swdl  to  four  times  its  original  volume.  With 
damageil  flour  the  gluten  does  not  swell  much,  but  becomes  viscoiu 
or  nearly  fluitt,  adheres  to  the  cylinder,  and  sometimes  exhaln  K 
disagreeable  odour,  whereas  good  gluten  has  merely  the  odour  of 
hot  bread.  If  the  gluten  does  not  indicate  at  least  25°  on  thp 
aleurometer  it  may  Ijo  considered  unfit  for  bread-making.* 

853.  L.  Reed  (C/fm.  Nfui*,  xlviii.  63)  has  proposed  to  make 
(I  rough  assay  of  flour  for  gluten  by  observing  the  intensity  of  die 

recomiaeDded  by  Wauklyn  und  Coopur : — 10  grsmmea'  weight  of  the  sample  b 
mixed  on  a  porcelain  pinto  with  tec.  of  water,  so  as  to  obUln  a  homogeiiNni 
dough.  This  is  placed  in  a  conical  meaeare  or  other  suitabla  vessel,  60  cc.  of 
water  itddod,  and  the  dough  maaipnlated  \rith  a  apatula  bo  as  to  ezpel  the 
gtBrch-gntmloa.  Tho  water  is  decanted  ofT,  a  fresh  quantity  added,  and  the 
kneading  repeated  till  no  more  ataich  is  extracted  from  the  glalea.  The  matt 
is  then  removed  and  Itnended  in  o  little  ether,  after  which  it  is  spread  out  in  a 
thin  layer  on  a  platinum  diah  and  dried  in  the  water-oven  till  the  weight  il 
I'onstunt.  The  crude  gluten  contains  oeh  equal  to  about  '3  pei  cent  on  llw 
Hour,  and  fat  ei^nivalent  to  1  '00  of  the  flour.  Those  may,  of  oourae,  be  dirMitly 
determined  in  the  crude  glateu,  if  desired. 

'  Ijolland's  aleurometer  ie  obtainable  from  Clarke  and  Denham,  24  Hark 
Une,  E.C. 
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yellow  uoloriition  produced  by  iiitric  acid.  Operating  in  tlip  niauDar 
prescrilfcd  by  him,  nnd  also  with  certain  luodificationB,  thc^  writer  bus 
not  foanil  the  differencp  in  the  intenaity  of  the  yellow  suffi- 
ciently marked  to  lie  of  much  service  in  practice, 

854,  Veoetasle:  Albvhin,  nnd  LBatiUtN  or  vegetable 
i;aaein  ai'e  soluble  in  cold  water,  and  bencc  pass  into  Holution 
when  the  flour  ifi  kneaded  in  the  manner  above  described.  The 
albumin  may  be  coagulated  by  boiling  the  liquid,  and  the 
1  e  g  II  m  i  n  precipitated  from  the  filtrate  by  adding  acetic  acid- 

855.  Cerealix  is  a  soluble  nitrogenised  ferment  occurring 
especially  in  the  husk  or  bran  of  wheat  and  other  cereale.  It  has  a 
powerful  fermentative  action  on  etarcli,  rapidly  converting  it  into 
dextrin  and  other  soluble  bodies.  Cerealin  is  precipitated  by 
Alcohol  and  acids. 

Other  soluble  nitrogenous  bodies  besides  cerealin  have  a  marked 
jwwer  of  converting  starch,  and  seeds  of  meals  containing  them  in 
large  proportion  are  unsuited  for  making  bread.  Thus,  if  barley 
meal  be  kneaded  with  water  in  the  manner  already  described,  but 
very  little  crude  gluten  will  be  obtained,  although  barley  is  richer 
than  wheat  in  total  nitrogeiL  Barley  flour,  consequently,  if  made 
into  bread  yields  a  heavy,  doughy  mass.  Eye  flour,  which  contains 
a  Ini^e  proportion  of  total  nitrogen,  leaves  little  or  no  crude  gluten 
when  kneaded,  and  hence  does  not  yield  the  tough,  elastic  dough 
so  chamcteristic  of  wheat  flour.     The  same  is  trae  of  out  flour  and 

Thti  presence  of  cerealin  in  bran  renders  whole  meal  unsuit- 
able for  making  bread  by  femientation  with  yeast,  though  "  aerated 
bread "  can  be  prepared  from  it.  The  cerealin  acta  like  malt- 
extract,  causing  a  rapid  conversion  of  the  starch  into  dextrin  and 
sugar,  and  lience  all  admixture  of  the  flour  with  bran  should  be 
carefully  avoided.' 

85C.  Wanklynhas  applied  his  well-known  albuminoid  ammonia 
process  to  the  determination  of  the  nitrogenised  piinciples  of 
flour  {Phil.  Mag.,  May,  1877).  For  the  estimation  of  the  total 
albuminoids  1  gramme  of  the  sample  is  dissolved  in  20  c.c.  of  a 
5  per  cent,  solution  of  caustic  potash,  and  the  liquid  diluted  to  1 
litre.  10  or  20  c.c.  measure  of  this  solution  is  next  distilled  witli 
50   c.c.   of    the    alkaline  solution   of    permangiinate  and   500  of 

'  The  DBe  of  vhole  lueal  is  often  ailTocnted  on  account  of  the  liigb  proportion 
at  nitrogenous  matter  and  oah-conBtitueDts  present  in  il,  but  thv  admixture  of 
lutmeal  with  wh<»t  Uodt  might  be  udvocated  ou  precuwly  Biuiilur  groands. 
Tlia  indigcBtibilitj  of  the  bmu  whoUif  nenti^ises  soy  ailvojitago  supposed  to 
bo  (lerivable  froni  its  BUji«rior  nutritivo  value.  See  also  thu  cxperiuicuts  nf 
Rabner  J/inir.  CKtm.  Sot.,  xlii.  622). 
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ammonia-free  water,  the  ilistilUte  being  nesslerisol  iti  the  usual 
way.  The  soluble  albuminoiiia  are  detenaiiietl  in  a  simikr 
iiianner,  except  that  10  gmnimes  of  the  sample  are  taken  uid 
mixed  up  thonmghlj-  with  cold  water,  the  mixture  diluted  to  100 
e.c„  fi]t«re.i,  10  t,c.  of  the  liltmte  diluted  to  100  c.c,  and  10  cu 
nf  the  dilute  liquid  {  =  '1  gramme  of  flour)  difttilled  with  pw- 
maugtinati>.  Atgiimimj  tliat  the  ammonia  correi^ponds  to  t«n  ti] 
its  weight  of  albuminoids,  aound  flour  yields  about  1  par  cent,  of 
albnmin,  &e.,  to  cold  water,  while  the  total  albuminoids  range 
from  9-2  to  1 1  -7  {ler  cent  Pea  flour  gave  23  ;  rice,  62  ;  ma' 
10'3  ;  oate,  lO'O  ;  barley,  11-0  ;  malt,  5-0  ;  and  arrowroot,  0'8  per 
cent  of  trttnl  albuminoids,  calctdated  nt  ten  times  the  aiuraoni) 
yielded  on  distillation  with  iilkaJiiic  {lermnnganiite. 

857.  C.  Graham  has  maggestcd  a  simple  method  of  making  roo^ 
comparative  estimates  of  the  soluble  albuminoids  of  different 
samples,  wliicli,  with  certain  raodificationM,  is  as  followe : — 
tjrammus'  weight  of  the  flour  is  treated  with  40  c.c  of  cold  wot 
.ind  the  nuxture  allowed  to  stand  for  exactly  one  hour.  ^U 
liquid  is  then  posBed  thri>ugli  a  dry  fllt«r,  the  first  portions  hejl^ 
reJQcted.  20  c.c.  measure  of  the  filtrate  (  =  5  grammes  gf  ftour) 
if)  then  treated  with  an  equal  measure  of  methylated  spirit,  when 
a  precipitate  of  soluble  albuiuinoids  will  be  produced,  the  amount 
of  which  will  depend  on  the  quality  of  the  flour,  the  best  ap 
mens  givi>ig  the  amallest  procipilate.  A  more  aecurate  estimation 
of  the  soluble  alburoinoida  may  be  made  by  filtering  the  liquid, 
evaporating  20  c.c,  of  the  filtrate  to  dryness  at  100"  C,  and 
weighing  the  residue  of  sugar,  Ac.  The  iveight  thus  obtained  is 
subtracted  from  that  found  liy  evaporating  10  c.c.  of  the  original 
aqueous  solution  of  the  flour,  when  the  difference  will  he  the 
weight  of  soluble  albuminoids  precipitated  by  the  methylated 
spirit.  It  is  necessary  to  adhere  strictly  to  one  hour,  or  othn 
constant  time,  for  the  digestion  of  the  flour  with  water,  aa  higher 
roautts  are  obtained  if  the  treatment  be  prolonged.  Ojieruting  ii 
the  foregoing  manner,  J.  W.  Downs  informs  the  writer  that  the 
matter  diaaolved  by  cold  water  from  flour  ranges  from  G"7  in 
samples  of  the  lowest  quality  to  3'5  per  cent,  in  the  highest  qualit; 
■>f  flour,  the  average  being  about  5  or  5J  per  cent 

858.  The  albuminoids  of  wheat  and  other  cereals  may  therefore 
be  classed  broadly  as  soluble  and  insoluble,  the  latter  being  of 
service  in  the  formation  of  a  flmi  elastic  gluten,  and  the  former 
being  rather  detrimental  than  otherwise  in  the  production  of 
bread.'     It  has  been  pointed  out  by  (Jralwm  that  a  constant  ratio 

'  Subulze  and  Bitrbieri  (Jaar,  Chern.  Sot.,  xl.  312)  in  discussing  tfas  iiuiir> 
fidency  of   the   onlinsry  methods  of  iliscriratiuttjiig  between   the   different 
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■exists  between  the  propottion  of  soluble  albuminoids  anil  the 
•iextriu  and  sugur  found  on  analysing  th«  ilour,  and  the  longer  the 
flour  ifi  digested  in  cold  water  the  greater  the  proportion  of  soluble 
albuminoids,  and  hence  of  dextrin  and  sugar,  becomes. 

859.  Mineral  ConBtituents  of  Cereals. 

The  following  table  .shows  the  percentage  of  ash  or  mineral 
matter  contained  in  nine  diflerent  ftuctionn  obtained  by  gruiding 
wheat  containing  1-634  per  cent,  of  mineral  matter.  The  numbers 
given  are  the  average  results  of  the  examination  of  twenty-eight 
samplers,  the  experiments  extending  to  the  products  of  three 
separate  years.  It  appears,  therefore,  that  of  the  total  ash  of  the 
grain,  amounting  to  1"634  per  cent,  of  its  weight,  '483  occurs  in 
the  first  three  products  ("fine  flour"),  and  that  in  the  first  five 
taken  together  the  ash  omoimtH  to  "723,  These  three  products 
constitute  upwards  of  80  per  cent  of  the  weight  of  the  original 
j^in,  and  their  mixture  faii'ly  represents  the  composition  of  good 
aow^ids  flour,  with  an  ash  of  '86  per  cent.  Even  with  the  addi- 
tid,.  of  products  6  iind  7  of  the  following  table,  the  ash  of  the 
fioQiT  only  amounts  to  about  0"9  per  cent.  Hence  it  may  safely 
bo  assumed  that  no  sample  of  flour  in  which  bran  is  not  very 
notably  present  ever  yields  a  higher  ajth  that  I'OO  per  cent     The 

fonuB  of  uitrogenised  bodies  fiisting  in  plants,  vary  properly  recommenil 
that  tbe  tnic  soluble  nlbuminoids  should  be  distiaguished  from  the 
peptones,  unit  these  again  from  the  aniiJo- compounds.  For  the  quaht*- 
tivo  detection  of  albumiaoids  the  fornmtian  of  s  precipitate  on  adding  ■cetic 
acid  and  ]>atassiiini  terrouysnide  will  suffice.  For  the  precipitation  of  the 
aibuminoidi,  varions  reagents,  such  ns  tannin,  ferric  acetate,  cupriu  acstatft, 
plntubic  hydroxide,  &c.,  shotdd  be  employed  an  sepotate  portioDB  of  the 
uilation,  the  precipitHt«  containing  least  nitrogon  being  considered  that  which 
represent)  the  true  albutniuoiils.  The  pepConca,  which  in  nutritive  value  are 
equal,  or  nearly  so,  lo  the  albuminoids,  may  be  precipitated  from  the  filtrate 
by  means  of  phosphotungstic  acid.  The  •aindo-cmnpounda,  which  remwu  in 
the  solntiou  from  which  the  pioteids  and  peptones  have  been  precipitated,  are 
typified  by  asparagine  and  glntamine,  and  may,  if  desired,  be  determined 
by  bailing  tbe  solution  with  an  acid,  and  then  estirnating  the  ammonia  from 
the  amount  ot  gas  Uberat«d  by  sodium  hypobromite.  Leucine,  caffeine, 
creatine,  and  other  bases  also  evolve  nitrogen  when  thus  treated.  Hence  a 
preferable  method  is  to  decompose  the  acid  amides  into  amido-acids  by  boiling 
with  dilute  acid,  remove  the  ammoniocat  salts,  and  treat  with  potaodam 
nitrite  and  dilute  salphuric  acid,  when  the  nitrogen  evolved  is  measured. 
For  the  estimntion  of  the  ammonia  originally  present  in  the  plant,  treatment 
with  milk  of  lime  in  the  cold,  under  rednced  presenre,  is  recommeniled. 

In  analysing  plant-products  it  is  very  important  that  in  the  extraction  of 
the  nitrogenous  constitaentN  they  should  undergo  little  or  no  change  in  com- 
position. Schulze  and  Barbicri  conaiJer  tbin  may  be  best  effected  by  extract- 
ing tirat  with  cold  and  thou  with  hot  water,  or  else  with  dilute  alcohol. 
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ash  of  line  flour  is  more  often  below  0'70  per  cent,  than  in  excesB 
of  that  number,  and  of  late  years  the  writer  has  often  found  it  as 
low  as  0*50  per  cent. : — 


Yield^from  100 
Parts  of  Meal. 

Perc«ntage  of 
Atitk  in  Products. 

Distribution  of 
Total  Ash. 

1.  Fine  Flour,     . 

Products  1,  2,  and  8  together 
4.  "Tails  "        . 
6.*  "Fine  Sharps"  or  "Middlings*," 

Products  1  to  6  together, 

6.  "(hoarse  Sharps," 

7.  "  Fine  Pollard,*' 

8.  "Coarse  Pollard," 

9.  "Long  Bran," 

41  1 

18-6 

9-2 

•69 
•71 
•78 

1 

•284 
•182 
•067 

70-2  1 
6-8 

8-8 

•71 

108 
2  12 

•483 
•054 
•186 

84.8 
8^4 
2-4 
6-6 
8-0 

•86 
4^18 
6-65 
6  47 
7^11 

728 
•142 
•186 
•420 
•218 

1684 

860.  The  amount  of  ash  of  cereals  is  not  influenced  in  any  definite 
manner  by  the  nature  of  the  soil,  and  the  same  is  true  of  the 
compodtion  of  the  ash,  the  predominance  of  any  particular  con- 
stituent in  the  soil  by  no  means  leading  to  an  excessive  proportion 
of  tlie  same  substance  in  the  ash  of  the  plant.  (See  a  laborious 
series  of  analyses  of  the  ashes  of  wlieat-grain  and  straw,  by  Lawes 
and  Gilbert,  Jour,  Chem,  Sac,  xlv.  305  to  407). 

The  difference  in  tlie  proportion  of  ash  yielded  by  the  grain, 
chaff,  and  straw  of  cereals  is  strictly  confined  to  the  silica ;  if  thi& 
be  deducted,  the  remainders  present  no  perceptible  difference. 

The  percentage  of  ash  yielded  by  barley  and  oats  is  somewhat 
higher  than  that  from  wheat,  while  rye  and  maize  yield  about  the 
same  as  wheat,  and  rice  far  less.^ 

^  There  seems  to  be  an  error  here,  but  a  careful  inspection  of  the  original 
tables  has  failed  to  detect  its  nature.  With  the  exception  of  the  line  com- 
mencing "Products  1  to  5  together,"  the  numbers  in  which  have  been  cal- 
culated by  the  writer,  the  figures  are  taken  from  the  original  paper  by  Lawes 
and  Gilbert  {Jour.  Chem.  Soc.,  x.  27). 

'  The  composition  of  the  ash  of  the  whole  grain  of  wheat  and  other  cereals 
has  been  studied  by  Lawes  and  Gilbert,  Chevalier,  "Way  and  Ogston,  &c.  The 
following  arc  the  general  practical  conclusions  deducible  from  the  numerous 
analyses  recorded : — 

The  proportion  of  potash  is  very  variable,  but  useless  as  a  means  of  dis- 
tinguishing the  ash  of  different  grains.  The  lime  ranges  from  1  to  10  per 
cent.     Baryta  has  been  found  in  Egyptian  wheat.    The  magnesia  varies 
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861.  Adulterations  of  Flour  and  Bread. 

The  (wliiltcmtions  to  wliich  l.iea.I  and  wlip;iH-ii  Huiir  im;  liable  an- 
of  two  kinds ;^a(linixturo  with  the  flour  or  luual  cif  other  dtreok, 
and  addition  of  mineral  aubBtanctw.  Tlie  first  kind  of  sophistica- 
tion can,  as  a  nilc,  only  be  ascei^nad  by  a  patient  examination 
under  the  miuroacoiie  (see  page  375),  and  there  are  casea  in  which 
even  this  plan  fails  to  be  of  service.  Mineral  adulterants  may 
occasionally  be  used  to  increase  the  weight  or  bulk  of  the  article, 
but  such  employment  of  them  is  now  practically  obsolete,  and  their 
use  is  timited  to  increasing  the  whiteueas  nud  apparent  quality  of 
the  breiLcl  made  from  the  flour.  Alum  is  the  addition  usually 
made  for  this  [lurjxwe,  but  platter  of  Paris  and  similar  materials 
are  occaaionaliy  employed. 

862.  ^liNERAL  Additioks  to  Flour  and  Briead. 

In  the  cose  of  flour,  a  determination  of  the  ash  afibrds  a  suffi- 
ciently accurate  means  of  detecting  and  determining  mineral 
adulterants,  with  the  exception  of  alum,  which  ia  usually  employed 
in  too  small  a  quantity  aenaibly  to  affect  the  percentage  obtained. 
With  wheaten  flour,  any  higher  nali  than  0'7  per  cent,  should  be 
reganled  with  great  suspicion,  but  in  the  caae  of  oatmeal  2  per 
cent,  or  somewhat  more  ia  a  normal  proportion. 

In  consequence  of  the  ease  with  whi«li  the  mineral  adulterants 
of  flour  can  be  separated  from  the  sample,  it  is  rarely  necessary  to 
much,  bnt  in  nbetit-Bsh  u  pretty  coiutaut,  fifty-tliree  samples  nualysed  by 
VBiiMM  clieiiiiats  slioiving  a  tnnKe  from  B'l  lo  14'3,  ivith  a  mean  amount  of 
18-11  o(  MgO  in  100  or  asli.  The  ferric  oiide  in  wholH-ssh  naa  found 
by  W«j  s&d  Ogrton  to  range  from  O"!  to  3'3  i^i'  cent.,  bol  Lan-is  and  (Jillwrl 
{JoKr.  CAitui.  Sue.,  xlv.  3Dfi)  never  fonnd  a  pioiiortion  nemiibly  in  excess  of 
1  p«c  cent.,  which  nnmber  doubtlesa  includes  nny  trace  of  alamina  whicb  may 
have  been  present  Jlennier  finds  trom  O'ee  to  1-75  per  cent  of  terric  oxide 
in  wheat'Sxh,  nttli  an  ararage  of  1  "11  per  cent.  Alumina  is  present  only  in 
minute  tmceti,  the  proportion  in  genuine  whtatHonr  ash  rarely  eicunliog 
1  percent,,  and  even  this  is  pmbtbly  due  to  iidhereiit  dirt.  Tile  silica  in 
the  hb!i  of  wheot,  rye,  inside,  and  rice  is  geuerally  very  low,  rarely  rencliiog  5, 
and  being  unually  less  than  2  per  cent,  of  the  totnt.  Id  barley-ash,  on  the 
otber  hand,  Chevalier  found  from  17 '3  to  32  "7,  tbe  nsnal  amount  being  about 
S4  per  cent.,  tvhile  Che  ash  of  oats  contains  from  40  to  50  per  cent,  of  silica. 
Kxuept  in  the  larger  proportion  of  liilica  the  ashes  of  barley  and  oats  resienible 
wbiwt-ash  in  every  essential  respect  The  phosphoric  acid  (P,Oj)  in 
wheat-ash  varies  from  40  to  C6,  with  a  very  constant  average  of  49  to  50  per 
cent,  which  i»  10  per  cent  moiv  than  is  present  in  the  ash  of  barley,  and  20 
per  cent  in  excess  of  the  usnal  proportion  in  oats.  On  the  other  baud,  tlie 
asli  of  maize  or  rye  contains  40  lo  SO  per  cunt,  of  r,Oi,  and  in  rice-ash  the  pro- 
portion ia  still  larger.  In  rstiniatiiig  phosj'lioric  airiil  in  cereals  it  is  liccesury 
to  fuse  tbe  ash  with  sodium  carbonate,  Co  convert  tbe  pjTOpbaspbltcs  into 
onhophoDphstto. 
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determine  any  of  the  constituents  of  the  ash,  but  in  the  case  of 
bread  this  procedure  will  be  found  important. 

863.  The  best  means  of  separatiruf  any  mineral  adulterants  from 
flour  or  oatmeal  is  to  place  100  grammes  (or  4  ounces)  of 
the  sample  in  a  dry  cylindrical  separator  (fig.    11),  fur- 
nished with   a   tap  below  and  a  stopper  above.     About 
200  to  250  c.c.  of  methylated  chloroform  should  then  be 
added,  and  the  whole  thoroughly  shaken  together  and  then 
left  at  rest  for  some  hours,  or  until  the  flour  has  risen  to 
the  surface  of   the  chloroform.     Any  mineral  adulterant 
present  will  then  be  found  to  have  sunk  to  the  bottom  of 
the  chloroform,  and  on  running  off  a  little  of  the  liquid 
through  the  tap  will  pass  with  it.     The  small  quantity  of 
chloroform  thus  obtained  may  be  diluted  with  more  chloro- 
form in  a  smaller  separator,  and  again  allowed  to  settle. 
The  second  deposit  may  still  contain  a  little  bran  and 
other  organic  matters,  but  will  consist  chiefly  of  sand  from 
the  mill-stones,  dirt,  and  any  alum,  plaster  of  Paris,  or    Fig.  11. 
other    mineral    powder    heavier    than    chloroform    that 
happened  to  be  in  the  sample.     The  deposit  is  tapped  off,  and  the 
bulk  of  the  chloroform  having  been  got  rid  of  by  decantation  or 
filtration,  the  last  traces  are  driven  off  by  a  current  of  air  assisted  by 
very  gentle  heat,  and  the  residue  is  weighed.     It  is  next  examined 
under  a  microscope,  using  a  low  power,  with  the  view  of  detecting 
])articles  of  alum  or  other  crystalline  matter.     The  residue  is  then 
dissolved  in  a  little  cold    water,    and   the   liquid    filtered.     The 
residue  should  be  ignited  and  weighed.     It  will  contain  the  dirt 
and  mill-stone  dust  of  the  sample,  mixed  with  any  plaster  of  Pam^ 
chalky  hanuni  mlpliaiey  or  other  mineral  adulterant  insoluble,  or 
nearly  insoluble,  in  water.     If  the  amount  found  does  not  exceed 
0*1  per  cent,  of  the  weight  of  flour  it  need  not  be  further  examined. 
The  portion  of  the  cldoroforni-doposit  soluble  in  cold  water  will 
contain  any  alum  present  in  the  original  flour.     On  evaporating  the 
aqueous  liquid  to  dryness  the  alum  will  be  left,  and  may  l)e  re- 
cognised by  its  astringent  taste,  reaction  with  logwood,  and  the 
form  of  any  crystals  which  may  have  been  produced.     Its  amount 
may  be  accurately  ascertiiined  by  determining  the  sulphates  or  alu- 
minium, and  calculating  to  the  equivalent  in  alum. 

In  the  case  of  bread,  oatcake,  and  otlier  products  obtained  by 
adding  water  to  tlie  groiuid  cereal,  the  chloroform  treatment  is 
not  available  for  the  detection  of  mineral  adulterants.^     In  this 

*  The  chloroform  test  has  been  applied  by  L.  Siebold  to  the  QxamittatioD  of 
certain   drugs  {Analyst^  iv.   19),  of    wliich   tlie  following,   whtti  fine  fxOBk 
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case  it  is  necessary  to  estimate  the  ash,  and  not  unfrequently  to 
make  a  partial  analysis  of  it. 

864.  The  mineral  additions  liable  to  be  made  to  bread  and  other 
preparations  of  the  cereals  include  the  following  substances: — 
1.  Common  salt.  2.  The  ingredients  of  common 
salt,  added  in  the  form  of  hydrochloric  acid  and  sodium  bicar- 
bonate. 3.  Baking  powders;  of  very  variable  character,  but 
usually  containing  sodium  bicarbonate  and  tartaric  acid.  Acid 
phosphate  of  calcium  and  certain  compounds  of  aluminiiun  are  also 
contained  in  some  baking  powders.  4.  Lime  water.  6. 
Magnesium  carbonate.  6.  Alum  and  equivalent  pre- 
parations containing  aluminium.  7.  Plaster  of  Paris.  8. 
Whiting.       9.  Barium  sulphate. 

Of  this  somewhat  formidable  list,  the  compounds  of  aluminium 
and  the  sulphates  of  bariimi  and  calcium  are  the  only  additions  to 
which  grave  exception  can  be  taken  when  only  small  proportions 
are  used,  though  the  earthy  carbonates  must  be  regarded  as  objection- 
able to  some  extent. 

865.  Alum,  or  an  equivalent  preparation  containing  aluminium,  is 
by  far  the  most  common  mineral  adulterant  of  bread,  though  its  use 
has  greatly  decreased  of  late  years.  Its  action  in  increasing  the 
whiteness  and  apparent  quality  of  inferior  flour  is  unquestionable, 
though  the  cause  of  its  influence  has  not  been  clearly  ascertjiinecl 
Whether  there  be  sufficient  foundation  for  the  statements  made  re- 
specting the  injurious  effects  of  alumed  bread  on  the  system  is  still 
an  open  question.  The  proportion  of  alum  which  may  be  present 
is  a  factor  too  often  overlooked.^ 

Alum  can  be  detected  in  bread  or  flour,  even  when  present  in 

mineral  additions,  were  found  to  float  entirely  on  the  surface  of  the  liquid ; 
gam  arabic,  gum  tragacanth,  starches,  myrrh,  Barbadoes  aloes,  jalap,  satfron, 
cinchonas,  nux  vomica,  mustard,  white  pepper,  capsicum,  and  guarana.  The 
following  drugs  only  partially  float  on  the  chloroform,  the  last  two  chiefly  sub- 
siding : — gamboge,  scammony,  soccotrine  aloes,  opium,  liquoricc'root,  ginger, 
colocynth,  cousso,  ipecacuanha,  cinnamon,  and  carJamoms. 

^  Dr  James  Hell,  in  his  useful  little  book  on  Foods  (part  ii.  page  138), 
writes  : — **  Whichever  view  be  held,  there  can  be  little  difference  of  opinion  that 
the  safest  course  to  adopt  is  to  regard  the  addition  of  alum  as  unnecessary  in 
the  process  of  baking,  and  that  when  it  is  found  its  presence  should  be  dealt 
with  as  a  clear  case  of  adulteration.  Alum  is  not  added  to  bread  to  improve 
ks  fitness  as  food,  but  simply  to  lead  the  public  to  infer  from  its  whiteness 
and  general  appearance  tliut  the  bread  has  been  made  from  a^better  description 
of  flour  than  has  really  been  the  case.  ** 

As  the  best  descriptions  of  flour,  and  those  that  do  not  require  the  adventitious 
•id  of  aloiil,  are  those  which  contain  most  gluten,  it  is  evident  that  the  use  of 
•Inm  glfit  a  fiilie  idea  of  the  nutritive  value  of  the  tiour. 
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very  anuill  i>ix>portiDn,  by  the  careful  appliuaUoa  of  tlie  logwood' 
test,  wliiuU  was  first  proiwBeii  hy  Hadow,  but  mmlified  aiiil  greatly 
iui^ruvtiJ  by  Horsley,  ami  further  worked  out  by  J.  Cart«r  Bell, 
To  prepare  the  liucturu  of  logwood  required  for  the  test,  5  gTaiumes 
of  freahly-cut  logwood  chips  or  shaviugs  should  be  digeded  in 
n  closed  bottle  with  100  cc  of  methylated  spirit. 

866.  To  test  for  aluiu  iu  II  o  u  r,  lOgraiiiuieB  of  thesaiuploahould 
lie  mixed  in  a  glnss  basin  or  wide  healcur  with  10  u.tu  of  wat«t 
1  C.C.  of  the  logiviiud  tincture  and  on  equal  measure  ot  a  aaturated 
aqueous  solution  of  ammonium  carbonate  are  tlieu  added,  and  the 
whole  mixed  togetlier  thoroughly.  If  the  flour  be  pure,  a  pinldah 
colour,  which  gradually  fades  to  n  dirty  bi-o^vu,  is  obtained  ;  whereof 
if  alum  be  present,  the  pink  is  uhanged  to  lavender  or  actual  blue. 
As  a  precaution,  it  ia  desirable  to  set  the  mixture  aside  for  a  few 
hours,  or,  heat  the  i>a3te  in  the  water-oven  for  an  hour  or  two,  and 
note  whether  the  blue  colour  remains. 

867.  To  test  for  alum  in  h  r  n  a  il,  5  c.c.  of  the  logwooil  tinctun 
should  be  diluted  with  90  of  water  and  5  c.c.  of  saturated  carbonate 
of  ammoidum  solution  aildixh  Then,  without  delay,  the  mixture 
is  poured  over  about  10  grammes  of  the  bread  contained  in  a  gliM 
dish  or  clock-glass.  After  about  live  minutes,  the  liquid  is  drained 
away  and  the  bread  slightly  washed  and  drieil  at  100°  C.  If  alum 
bo  present,  the  bread  will  assume  a  lavender  or  dork  blue  colour, 
which  becomes  still  more  marked  on  drying.  With  pure  bntd, 
tile  reddish  colour  first  obtained  fades  to  a  buff  or  light  brawn. 
With  core  and  a  little  practice  the  test  is  very  satisfactory,  a 
so  delicate  that  even  7  grains  of  alum  to  the  4  lb.  loaf  d 
detected.  With  moderate  proportions  of  alum,  the  depth  of  colour 
produced  will  rouglily  indicate  the  amount  of'the  adulterant  pre- 
sent.^ 

868.  A,  Wynter  Blyth  modifies  the  logwood  test  by  treating  the 
Hour  or  bread  with  a  moderate  quantity  ot  coid  water,  and  immersing 

'  In  uDiployinK  the  logwood  test  for  alum,  it  is  vary  inipoi-tant  that  tl 
[iuctUTe  of  logwood  should  be  rreahlj  prepareJ,  and  thftt  tlis  test  should  be 
niada  imniediatuiy  aftur  mixing  the  logwoMl  tincture  with  the  solntion  of 
Riumouium  CEirbonate.     Inattention  to  theso  etseutial  points  has  caused  tka 
failure  of  sevend  chemists  to  obtain  the  blue  coloration  with  s[iecimeni  ti 
donbt«dly  containing  uluni.     The  subsequent  drying  also  AoulJ   sever 
neglected.     With  proper  cnro,  the  test  is  exeeedinglj  (lelicdtv,  n'02  per  conL 
of  alum  causing  a  distinct  ahailc  of  blue,  while  with  three  or  four  times  thii 
proportion  the  reaction  ia  wholly  beyond  question. 

On  the  other  hand,  a  lilue  colo-ration  of  bresd  and  flour  by  an  ammoniacil 
solution  of  logn-ood  Joea  not  iDfallibly  prove  tba  pi^eaanijc  of  a  splnble  alo- 
tniniiini  comjiouni!,  as  several  other  mineral  additions  produce  a  somuwhat 
similar  reaction. 
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1  strips  of  gelatin  in  the  liquid.     After  twelve  houn  the  i^elo- 

1  are  removed  and  imoiersed  in  the  alk&line  solution  of 

when,  if  alum  Iw  present,   they  aci(iiire  ft  blue  colour  of 

a  much  more  decided  tint  than  is  obtainable  from  the  original 

satople.     If  desired,  the  gelatin  strips  may  be  washed,  dissolved 

iQ  hot  water,  and  the  abBorptiou-spcttnini  of  the  solution  observed. 

869.  Dfttrmination  of  Ahnn  in  Bi^ail. — Of  the  constituents  of 
alum,  the  elpment  most  generally  of  service  for  its  determination 
in  bread  is  the  aluminium,     Vwk  wheat  grain  apjiears  to  he  wholly 

estitute  of  aluminium  compounds,  but  commercial  wheat  Aour  to 
o  alum  has  been  added  is  ai>t  to  contain  small  but  sensible 
la  of  alumuiium  derived  from  extraneous  mineral  matter.  Such 
oinium  is  present  as  silicate,  and  gives  no  bhie  colour  with  the 
od  test.  On  the  other  hand,  all  the  ordinary  methods  of 
tjuautittttively  estimating  the  alum  are  incapable  of  distinguiahing 
between  the  aluminium  present  as  eUicate  and  that  existing  in  a 
solahle  form.  Hence  it  is  usual  to  make  a  correction  for  tlio 
almuinium  present  aa  silicate.  This  is  difficult  t<>  ilo  with  any 
approach  to  accuracy,  but  it  may  be  taken  as  a  rule  that  from  tlie 
araount  of  alum  calculated  from  the  total  aluminium  in  the  bread 
should  be  subtracted  a  weight  equal  to  the  silica  found,  when  the 
difference  will  lie  approximately  the  true  amount  of  alum  addeiL 

870.  The  following  method  shoiild  bo  employed  for  the  deter- 

I 'nation  of  the  total  alumina  and  silica  in  bread  ; — 100  grammes' 
ight  of  the  sample  is  dried  at  100"  C,  and  then  incinerated, 
lis  is  best  done  by  heating  it  in  a  platinum  tray  (about  5  inches 
3)  in  a  gas-mufHo,  but  may  also  be  effected  in  a  platinum  dish 
loige  crucible  jdaced  over  a  bunsen.     The  heat  should  be  mode- 
It,  so  as  to  avoid  fusion  of  the  ash.     The  process  is  completed 
'lidding  pure  sodium  carbonate  aiut  a  little  nitre,  and  heating  t)ie 
xture  to  fusion.     The  product  is  rinsed  out  with  water  into  a 
beaker,  acidulated  with  hydrochloric  acid,  and  evaporated  to  dry- 
ness.    The  residue  is   taken  up  with  dilute  acid,  and  the  liquid 
^^Bltercd  from  the  silica,  which  is  washed,  dried,  and  weighed.     To 
^^Bme  solution,  dilute  ammonia  is  added  till  the  precipitate  barely 
^^^Hdiesolvcs  on  stirring,  when  a  slightly  acid  solution  of  ammonium 
^^^feetate  is  added,  and  the  liquid  raised  to  the  boiling  point.     After 
^^■j  few  minutes'  heating  the  solution  should  be  set  aside  for  some 
hours,  when  its  apiwamnce  should  be  observed.'    The  precipitate  of 

'  IfgclBtiiiouB,  it  probably  consisla  sololj  of  iron  ond  jdnmiiiium  pbotpbatea, 
but  it  grsDnJar  more  or  tesa  of  tho  earthy  phosphates  have  probnbty  bean  uo- 
precipitatcd.  In  sueh  a  case  thn  [irecipitate  sbould  be  s^iiarated,  redisMlved 
in  i]ilate  hydroctiloric  acid,  and  the  volutiou  agniti  neutralised  w 
and  treated  with  a: 
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iruu  nnd  aluminium  {ihnsphates  slmuld  be  filtered  olf,  wtished,  mj  ' 
iwliasolTed  in  the  smiilleat  [loasible  <iuaiitity  o£  hydimWoric  ac" 
Xlie  resultant  solution  is  poureil  into  oit  exccse  of  an  aqueous  solu- 
tion of  I'ure  caustic  soda  containtid  in  a  platinum  or  nickel  vesseL 
Aft«r  lieating  for  eome  timu,  the  liquid  is  conaidentbly  diluted  aiA 
tiltcreil.  The  filtrate  is  acidulated  witli  liydrochloric  acid,  amnio- 
uiniu  aoetnte  and  a  few  dropa  of  soditim  pliospliate  added,  and 
then  a  sliglit  excess  of  ammonia.  The  liquid  is  kept  hot  till  all 
smell  of  ammonia  is  lost,  when  it  is  tiltoreil,  and  the  i>recipitat«I 
alunuoium  phospkate  washed,  ignited,  and  weighed.  Its  w^ht, 
multiplied  liy  3-713,  gives  the  anunonium  alum,  or  by  3'873 
the  potassium  alum  in  the  100  grammes  of  bread  taken.  The 
amount  so  found  requires  a  correition  equal  to  the  percentage  of 
silica  obtained.'  By  multiplying  the  percentage  of  alum  by  280, 
the  mimber  of  grains  of  alum  per  4  lb.  loaf  will  be  obtained.  Tho 
number  of  miUigraiunics  of  AlPO^  per  1 00  j;rammes  of  hteoA  gireif 
without  calculation,  a  close  approximatiou  to  the  number  nt  graiiu 
of  ammonium  alum  per  4  lb.  loaf.' 

Throughout  the  foregoing  process  the  use  of  porcelain  reasela 
ubould  bi-  wholly  avoideil,  and  uare  (Jiould  be  taken  that  tlie 
idkidino  liquids  are  not  heated  in  glass.  The  caustic  soda  employed 
shotild  be  scrupulously  free  from  alumina. 

871.  Plantey  of  Pans  has  Ijcen  (omid  in  flour  by  Fairley,  and 
has  been  met  with  by  the  author  in  muffins  to  the  extent  of  1  per 
uont  of  their  weight.  In  oal-cako  it  is  said  to  be  occasionally  pt«aent 
to  the  extent  of  10  ]>er  cent  and  upwanls.  From  flour,  plaster  at 
Paris  is  readily  eeparateil  by  treatment  with  chloroform. 

The  presence  of  plaster  of  Paris  in  bread  is  recognised 
by  the  high  total  ash,  and  the  high  proportion  of  calcium  contained 
iti  it.  The  sidphates  of  the  ash  do  not  afford  a  means  of  accurately 
detormiuing  the  amount  of  plaster  present,  as  the  albuminoids 
furnish  a  notable  quantity  of  sulphates  on  igniting  the  cereals.  On 
the  other  hand,  mere  traces  of  sulphates  exist  ready  formed  in  tho 


'  Ths  writer  has  ondeavoured  to  devise  a  uiutliod  of  extrBcting  aliimitia  from 
liraid  in  snrli  a  manner  as  to  render  Dnnecesssr;  the  questionable  eorrecdou 
for  tbe  alumiaiuni  exiating  lu  ailicnte.  Vei;  encouraging  results  were  obbuoed 
bj  B  process  bs^ed  on  the  Bolution  of  the  starch  by  malt  extract,  destructioK 
of  the  loluble  carbohydrates  by  yeast,  acidulatiou  of  tbe  liquid  by  nitric  add, 
followed  bj  filtration,  cTspontion  of  the  liquid,  ignition  of  the  residue,  md 
precipitation  of  the  aluminiani  as  p-hosphate  in  the  usual  way. 

A.  Wynter  Blytli  has  extracted  the  greater  part  of  the  nlumiuium  of  the 
aJnan  by  sonking  tbe  bread  in  dilute  hydrochloric  ncid. 

*  At  the  present  time  ammonium  alum  is  almost  unknown  in  the  inarlcet, 
while  for  some  year*  it  was  equally  difitcult  to  meet  with  potassium  alani. 
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cereals,  and  hence  their  determination  in  the  unignited  bread 
affords  a  means  of  estimating  the  plaster  present.  This  method, 
though  theoretically  perfect,  presents  some  difficulties  in  practice, 
owing  to  the  difficulty  of  obtaining  a  solution  of  the  sulphates  fit 
for  precipitation  with  barium  chloride.  The  best  way  is  to  soak 
12*20  grammes  of  the  bread  for  some  days  in  1200  c.c.  of  cold 
distilled  water  till  mould  commences  to  form  on  the  surface  of  the 
liquid.  The  solution  is  strained  through  coarse  muslin,  and  the 
filtrate  treated  with  20  c.c.  of  carbolic  acid  distilled  over  a  small 
quantity  of  lime.  The  whole  is  then  raised  to  the  boiling  point 
and  filtered  through  paper.  1  litre  of  the  filtrate  is  then  slightly 
acidulated  with  hydrochloric  acid,  and  precipitated  in  the  cold  by 
barium  chloride.  237  parts  of  BaSO^  represent  136  of  plaster  of 
Paris.  Experiments  conducted  in  the  author's  laboratory  with  the 
view  of  testing  the  accuracy  of  this  process  gave  very  satisfactory 
results. 

872.  Sulphate  of  Copper  was  formerly  employed  as  an  adulterant 
of  bread,  especially  in  foreign  countries,  and  a  recent  instance  of 
its  employment  in  this  country  has  been  recorded  by  W.  F.  Lowe 
{Anali/st,  ix.  109).  This  objectionable  addition  can  be  detected, 
even  when  present  in  but  very  minute  proportion,  by  soaking  the 
bread  in  a  solution  of  potassium  ferrocyanide  acidulated  with 
acetic  acid,  when  a  purplish  or  reddish-brown  coloration  will  be 
produced  if  copper  be  present.  The  amount  of  copper  may  be  de- 
termined by  moistening  100  grammes  of  the  bread  with  sulphuric 
acid,  igniting,  and  estimating  the  metal  in  the  ash. 

873.  Very  minute  proportions  of  copper  have  been  stated  to  exist 
normally  in  wheat-ash,  but  it  is  doubtful  whether  its  presence  was 
not  due  to  the  practice,  formerly  very  common,  of  steeping  the  com 
in  a  solution  of  copper  before  sowing  it  (see  E.  F.  Willoughby, 
Analyst^  viii.  83). 

874.  Organic  Adulterants  in  flour  are  best  detected  by  the 
microscope,  but  in  bread  the  process  of  baking  so  alters  the 
structure  of  the  starches  as  to  render  the  microscopic  indications  of 
very  little  value. 

For  the  detection  of  certain  additions  to  flour,  A.  E.  Yogi 
shakes  2  grammes  of  the  sample  with  10  c.c.  of  alcohol  at  70 
l)er  cent.,  to  which  T^y^h  of  hydrochloric  acid  has  been  previously 
added.  Both  the  colour  of  the  flour  and  that  of  the  liquid  are 
then  observed,  but  the  reaction  is  often  develoj)ed  only  on  stand- 
ing, and  in  other  cases  is  promoted  by  heating.  Pure  wheat 
or  rye-flour  remains  white,  and  the  liquid  also  remains  colour- 
less, or  shows  merely  a  yellowish  tint  in  the  case  of  coarse 
(qualities.     Pure  barley  and  oatmeal   give  a  straw-yellow   liquid. 
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Corn-cockle  ^  colours  the  liquid  a  full  orange,  pea-flower  an  orange- 
red,  and  vetches  and  beans  give  a  fine  purple-red  colour.  Mil- 
dewed wheat  is  said  to  give  a  purple-red,  and  eigotised  wheat  a 
blood-red  coloration.  According  to  C.  BLartwich,  the  presence  of 
rhinanthine  in  flour  or  bread  may  be  detected  by  boiling  an  alco- 
holic solution  of  the  sample  with  hydrochloric  acid,  when  the  liquid 
will  assume  an  intense  green  colour  on  cooling,  if  rhinanthine  be 
present* 

Some  admixtures,  such  as  haricot  beans,  are  stated  to  give  a 
coloration  varying  from  orange-yellow  to  very  dark-green  on  mixing 
the  meal  with  a  dilute  solution  of  ferric  chloride,  while  pure  wheat 
flour  only  acquires  a  pale  straw  colour  when  similarly  treated. 

^  Corn-cockle  occasionally  occurs  in  cereals  to  a  considerable  extent  It 
imparts  a  bitter  taste  to  the  bread,  and  is  said  to  bo  iiynrioas.  If  the  meal  be 
passed  through  a  sie^e  having  meshes  1  millimetre  in  diameter,  the  corn-cockle 
husks  will  remain  on  the  sieve  and  be  recognisable  by  their  dark  colour.  The 
starch-granules  of  the  corn-cockle  are  very  small  (about  0*006  millimetre  in 
diameter),  but  not  otherwise  characteristic.  Petermanu  suggests  that  corn- 
cockle should  be  sought  for  by  digesting  500  grammes  of  the  meal  in  a  litre  of 
85  percent,  alcohol,  and  filtering  the  solution  whilst  hot  The  filtrate  is 
precipitated  by  addition  of  absolute  alcohol,  the  precipitate  dried,  and  taken 
up  by  cold  water.  This  extract  is  again  precipitated  by  alcohol,  the  precipi- 
tate dried,  when,  if  of  a  yellowish-white  colour,  bitter  burning  taste,  and 
soluble  in  water,  it  consists  of  saponin  derived  from  corn-cockle. 

^  Rhinanthine  is  a  glucoside  occurring  in  the  seeds  of  the  yellow  rattle 
{RhiitarUhus  crista  galli\  a  plant  often  found  mixed  with  rye. 
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875.  This  numerous  and  important  class  of  oiganic  bodies  contains 
a  great  variety  of  acids,  some  of  which  occur  ready-formed  in  plants, 
and  the  synthesis  of  which  has  not  been  hitherto  effected  in  tlie 
laboratory.  In  addition  to  these,  there  are  many  which  can  also 
be  obtained  artificially,  and  others  again  which  arc  purely  artificial 
products. 

876.  All  the  acids  treated  of  in  this  division  are  compounds  of 
carbon,  hydrogen,  aud  oxygen.  When  a  metallic  salt  of  one  of 
them  is  ignited  in  the  air  it  leaves  the  metal,  sometimes  in  the  free 
state  (as  the  salts  of  silver)  but  more  frequently  in  the  form  of 
oxide.  If  the  organic  salt  be  a  compound  of  one  of  the  metals  of 
the  alkalies  or  alkaline-earths,  on  ignition  in  the  air  the  cor- 
responding carbonate  is  obtained.  If  this  be  dissolved  in  standard 
acid,  the  diminution  in  the  acidity  of  the  liquid  will  be  equivalent 
to  the  organic  acid  previously  present.  This  fact  is  often  utilised 
for  the  indirect  determination  of  vegetable  acids  (see  methods  c 
and  e,  par.  889),  and  is  applicable  in  presence  of  sulphates,  chlorides, 
&c.  The  substance  or  solution  must  be  neutral  in  reaction  before 
ignition,  or,  if  not  so,  must  be  brought  into  that  condition. 
Nitrates  interfere,  as,  on  ignition  in  contact  with  organic  matter 
they  yield  carbonates,  together  with  decided  traces  of  cyanides. 

877.  The  following  table  shows  the  manner  in  which  the  neutral 
solutions  of  the  potassium  or  sodium  salts  of  the  acids  of  this 
division  are  precipitated  by  cold  neutral  solutions  of  barium,  cal- 
cium, and  ferric  chlorides,  by  lead  acetate,  and  by  silver  nitrate. 
In  all  cases,  the  reactions  refer  to  moderately  concentrated  solu- 
tions of  the  salts.  When  the  precipitate  is  somewhat  soluble  in 
water,  so  as  to  render  its  production  questionable,  the  letter  P  is 
placed  within  parentheses.  S  signifies  that  the  substance  formed 
is  soluble,   and  hence  that   no  precipitate   is   obtained.     Except 
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when  othcrwi§e  mcntionml  the  precipitates  are  white.  In  adilition 
to  the  reactions  with  the  above  metallic  solutions,  columns  are 
added  showing  the  roautiona  of  the  oi^nic  acids  with  other  Im- 
portant reagents.     R  signifies  "  Re<Iuction,"  and  0  "  no  effect "  : — 

Table  Showing  the  Ekactions  op  K^edtbal  Solutions  of 
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'  Gallic  and  ga.llotsnnic  acids  pru^ierly  belong  to  tho  clans  of  vegotable  acids, 
bnt  their  analj'ticnl  clmractflra  vrill  bo  described  nt  length  with  greater  con- 
venience in  a  Mpttrata  section.  PyrogalHo  acid  ia  merely  a  product  of  the 
action  of  heat  on  gallic  acid,  and  docs  not  occnr  naturally. 
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878.  ACETIC  ACID. 
Hydrogen  Acetate. 

French — Acide  aceti(iiie.      Gennun — Essigsaure. 

C AO, = H,C,H30, = ^^^^  1 0  =  {  gg'^jj 

Acetic  acid  exists  ready  fonned  in  certain  plants,  and  is  a  frequent 
product  in  chemical  reactions.  It  is  produced  by  the  acetic  fer- 
mentation of  sugar,  and  by  the  limited  oxidation  of  alcohol.  In 
commerce,  the  largest  quantity  is  obtained  from  the  products  of 
the  distillation  of  wood,  in  the  manner  described  under  "  p  y  r  o  - 
ligneous  acid  (par.  890). 

879.  Pure  acetic  acid  is  a  colourless  liquid,  having  a  strongly 
acid  and  pimgent  smell  and  taste.  On  cooling,  it  crystallises  in 
large  transparent  tables  which  melt  at  16*7°  C.,  and  hence  the 
absolute  acid  is  known  as  "  glacial  acetic  acid."  Like  many  of  its 
salts,  acetic  acid  exhibits  the  property  of  super>fusion  very  readily, 
remaining  liquid  if  cooled  down  in  a  closed  vessel,  even  below  0**, 
but  on  opening  or  shaking  the  vessel,  or  dropping  in  a  fragment 
of  the  solid  acid,  the  whole  solidifies,  and  the  temperature  rises  to 
16*7°.  A  small  addition  of  water  lowers  the  melting  point  of 
acetic  acid  very  considerably,  so  that  an  acid  containing  13  per 
cent,  of  water  melts  below  0°,  and  one  containuig  38  per  cent,  of 
water  (corre3ponding  to  C2H^02  +  2H20)  has  a  melting  jxjint  of 
—  24°  C.  If  still  more  water  be  added  the  melting  point  again 
rises. 

880.  Absolute  acetic  acid  boils  at  119°  C.  and  distils  unchanged. 
In  distilling  hydrated  acid  tiie  last  fractions  are  absolute  or  nearly 
so.  For  peculiarities  in  the  strength  of  distilled  acetic  acid  see 
par.  926,  e. 

881.  Addition  of  water  to  glacial  acetic  acid  causes  evolution  of 
heat,  and  a  contraction  in  volume  ensuea  till  the  mixture  contains 
about  23  per  cent,  of  water,  probably  owing  to  the  formation  of  a 
hydrate  of  the  composition,  C2H^02,H20.  Acid  of  this  strength 
has  a  higher  density  than  the  glacial  acid,  so  that  either  concentra- 
tion or  dilution  causes  a  diminution  of  gravity.  This  fact  must 
not  be  lost  sight  of  in  estimating  acetic  acid  by  its  density.  In 
fact,  the  density  is  not  to  be  relied  on  for  the  detennination  of 
acetic  acid  in  concentrated  solution,  though  it  is  of  service  for  the 
dilute  acid. 

882.  The  densities  of  mixtures  in  various  proportions  of  acetic 
acid  and  water  have  ])een  determined  by  Mohr  and  by  Oudemanns. 
According  to  the  latter  chemist,  Molir^s  observations  were  matle  on 
an  acid  containing  5  per  cent,  of  water. 
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The  following  table  shows  the  density  of  acetic  acid  of  diflFerent 
strengths,  according  ]x>th  to  Oudemanns  and  to  Mohr,  the  tempenir 
tnre  in  each  case  being  15°  C.  (  =  59°  F.)  : — 


1 

1 

Density. 

1 

Density. 

C,H40, 
per  cent. 

' 

Cjn^o, 

per  cent. 

1 

Oademapns. 

Mohr. 

Ondenuuint. 

Mohr. 

1 

1  0007 

1-001 

21 

1-0298 

1-029 

2 

1*0022    ' 

1-002 

22 

1  0810 

1081 

3 

1  0037 

1  -004 

23 

1  -0324 

1-032 

4 

1-0052 

1-005 

24 

10337 

1-038 

5 

1  ^0067 

1-007 

25 

1  -0350 

1-034 

6 

1  -0088 

lOOS 

26 

1  '0868 

1-086 

7 

1  -0098 

1-010 

27 

1-0375 

1-086 

8 

1-0118 

1-012 

28 

1  -0388 

1-088 

9 

10127 

1-013 

29 

1-0400 

1-089 

10 

1-0142 

1-015 

30 

1-0412 

1-040 

11 

1-0157 

1-016 

31 

1  0424 

1041 

12 

10171 

1-017     ' 

32 

1  -0436 

1-042 

13 

1-0186 

1-018     ' 

33 

1  -0447 

1044 

14 

1  -0200 

1-020 

40 

1  -0523 

1051 

15 

10214 

1-022 

50 

1-0615 

1-061 

16 

1  -0228 

1  -028 

60 

1-0685 

1-067 

17 

1  0242 

1-024     , 

70 

1  -0738 

1-070 

18 

1  -0256 

1  -025     j 

77 

1  -0748 

1-0735 

19 

r0270 

r026 

80 

1  0748 

1-0735 

20 

1  -0284 

1-027 

90 

1-0713 

1-0780 

100 

1  0653 

1  -0635 

From  this  ta])le  it  will  be  seen  that  acid  of  100  per  cent,  and 
acid  of  about  43  per  cent,  have  the  same  density. 

883.  The  "Acetic  Acid"  of  the  British  Pharmacopoeia 
contains  33  per  cent,  by  weight  of  real  acid  (CgH^Og),  and  has  a 
density  of  1'044. 

884.  "Dilute  Acetic  Aci d,"  B.P.,  made  by  diluting  one 
measure  of  the  above  with  seven  of  water,  has  a  gravity  of  I'OOC, 
and  contains  4*27  per  cent,  of  real  acetic  acid  (C^fi^. 

885.  The  "Glacial  Acetic  Acid"  of  the  Pharmacopoeia 
is  said  to  have  a  density  of  1*065  to  1*066,  and  to  contain  at  least 
98*8  per  cent,  of  real  acid.^  It  should  crystallise  at  1*1°  C. 
(  =  34°  F.),  and  remain  solid  till  heated  above  8*9°  C.  (  =  48°  F.). 

^  If  Oudemanns*  density  table  be  correct,  these  characters  are  incompatible. 
All  the  B.P.  percentages  appears,  however,  to  be  calculated  from  Mohr's 
table.  On  the  other  hand,  the  writer  has  shown  {Analyd,  iii  268)  that  in- 
consistencies exist  in  the  part  of  Oudemanns'  tables  referring  to  dilate  aoidi^ 
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886.  Absolute  acetic  acid  is  miscible  in  all  proportions  with 
water,  alcohol,  and  ether.  It  dissolves  many  essential  oils,  cam- 
phor, and  resins,  phenols,  gelatin,  and  many  metallic  salts  insoluble 
in  water. 

Cold  acetic  acid  is  not  inflammable,  but  the  vapour  given  off  by 
the  boiling  liquid  bums  with  a  blue  flame.  The  strong  acid  is  a 
powerful  caustic.  It  does  not  redden  litmus  until  mixed  with 
water. 

887.  Acetic  acid  is  a  ver}'  stable  body.  The  most  powerful 
oxidising  agents  attack  it  with  difficulty.  Chromic  acid  has  no. 
effect  on  it,  and  a  solution  of  chromic  acid  in  glacial  acetic  acid  is 
employed  for  the  oxidation  of  anthracene  and  other  hydrocarbons. 
Nitric  acid  has  no  reaction  on  acetic  acid ;  chlorine  converts  it  into 
chloracetic  acid,  H,C2H2C10,0. 

Acetic  acid  forms  an  important  class  of  salts  called  acetates, 
some  of  which  are  described  in  par.  920  et  seq, 

888.  Detection  op  Acetic  Acid  and  Acetates. 

Most  of  the  acetates  are  soluble  in  water.  A  few  oxy- 
acetates  ("  basic "  acetates)  are  insoluble,  and  the  neutral  argentic 
and  mercurous  salts  are  sparingly  soluble.  Hence,  acetic  acid 
cannot  be  determined  or  readily  detected  by  precipitiition.  Free 
acetic  acid  may  generally  be  recognised  by  its  smell  and  other 
physical  properties,  or  it  may  be  neutralised  by  caustic  soda,  and 
examined  by  the  following  tests  : — 

Metallic  acetates  give  the  following  reactions  : — 

a.  Subjected  to  dry  distillation,  acetone,  CgHgO,  is  given  off, 
having  a  highly  characteristic  odour  (see  par.  126). 

h.  Heated  in  the  solid  state  in  admixture  with  arsenious  oxide 
(AsjOg),  acetates  give  an  alliaceous  and  very  characteristic  smell  of 
c  a  c  oid  ylic  oxide,  which  body  is  very  poisonous. 

c.  Heated  with  sulphuric  or  phosphoric  acid,  acetic  acid  is  evolved 

d.  Heated  with  rectified  spirit  of  wine  (not  methylated)  and 
concentrated  sulphuric  acid,  a  fragrant  and  characteristic  odour  of 
ethyl  acetate  (acetic  ether)  is  produced  (see  par.  296). 

e.  The  neutral  solution,  on  treatment  with  ferric  nitrate  or 
chloride  {avoiding  excess),  gives  a  deep-red  liquid  containing  ferric 
acetate.  This  is  decomposed  on  boiling,  the  liquid  becoming 
colourless  and  depositing  reddish-brown  ferric  oxy-acetate. 
The  reaction  is  imperfect  if  the  iron  solution  be  added  in  excess. 
The  cold  red  liquid  is  not  decolorised  on  addition  of  mercuric 
chloride  (distinction  between  acetates  and  thiocyanates),  and  is  not 

thongh  it  is  decidedly  preferable  to  Mohr's.  Of  course  these  discrepancies  are 
quite  indflpendent  of  the  well-known  abnormal  density  of  acetic  acid  of  a 
eertein  ttzviiguu 
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taken  up  by  ether  on  agitation  (distinction  from  thiocyanates);  bat 
the  colour  is  readily  destroyed  on  addition  of  cold  dilute  sulphuric 
or  hydrochloric  acid  (distinction  from  meconates). 

/.  Insoluble  or  hade  acetates  may  be  decomposed  by  boiling  solu- 
tion of  sodium  carbonate,  when  the  acetate  will  be  found  in  the 
filtered  liquid  as  a  sodium  salt. 

Acetates  of  alkaloids  and  nitrogenised  organic  hasesy  as  a  rule, 
respond  to  the  foregoing  tests,  but  acetates  of  the  alcohol  radides 
(acetic  ethers)  do  not  usually  do  so.  The  latter  are  readily  decom- 
posed, however,  by  digestion  with  alcoholic  potash  or  soda,  and^ 
after  distilling  off  the  resultant  alcohol,  the  residual  liquid  may  be 
examined  for  the  acetate  of  an  alkali-metal  (see  also  "  Compound 
Ethers,"  par.  291). 

889.  Dbtbrmination  op  Acetic  Acid  and  Acetates. 

a.  When  simply  in  admixture  with  water,  acetic  acid  may  be 
determined  by  the  density  of  the  liquid  (see  par.  882). 

h.  In  the  absence  of  other  free  acids,  free  acetic  acid  may  be 
determined  volumetiically,  by  titrating  the  liquid  with  decinormal 
alkali.  Litmus  solution  may  be  used  as  an  indicator,  or,  when 
dark-coloured  liquids  are  to  be  assayed,  litmus  paper  may  be  sub- 
stituted for  it. 

A  preferable  indicator  to  litmus  is  to  be  found  in  phenolphtlialein, 
as  acetate  of  sodium  is  quite  neutral  to  it,  while  alkaline  to  litmus. 
The  end-reaction  is  very  sharp.  Highly  coloured  liquids,  such  as 
vinegar,  may  ])e  largely  diluted  before  titrating,  as  the  delicacy  of 
tlie  reaction  suffers  but  little  from  such  treatment. 

Methyl-orange  and  plienacetolin  are  not  suitable  indicators  for 
titrating  acetic  acid,  and  with  rosolic  acid  the  end-reaction  is 
indistinct. 

c.  Like  tlie  corresponding  salts  of  other  organic  acids,  the 
acetiites  of  tlie  metals  of  the  alkalies  and  alkaline-earths  are  con- 
verted into  carbonates  on  ignition.  Hence,  in  the  absence  of 
other  organic  acids,  or  of  nitrates,  t^c,  tlie  amount  of  acetate 
originally  present  may  be  tiscertained  by  titrating  the  residue  of 
the  ignition  with  standard  acid.  Each  c.c.  of  normal  acid  roijuired 
for  neutmlisation  represents  '060  grammes  of  C^H^Og  in  the 
sami)le. 

i1.  The  acetates  of  sucli  metals  as  are  completely  precipitiit<?d  by 
sodium  car1)onate  (<\.v.,  calcium,  lead,  iron)  may  be  decomposed  by 
a  known  quantity  of  it,  tlie  liquid  well  boiled,  filtered,  and  the 
filtrate  titrated  with  standard  acid.  The  loss  of  alkalinity  repre- 
sents the  acetic  acid  originally  present  as  an  acetate.  Before  em- 
ploying this  method,  the  solution  must  be  exactly  neutralised,  if 
not  neutml  already. 
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e.  In  presence  of  salts  of  inorganic  acids,  the  last  method  is 
valueless,  but  the  following  modification  may  be  employed  : — ^The 
excess  of  carbonate  of  sodium  is  exactly  neutralised  by  hydrochloric 
acid,  the  liquid  evaporated  to  dryness,  the  residue  gently  ignited, 
and  the  resultant  carbonate  titrated  with  standard  acid.  Each  cc. 
of  standard  acid  used  represents  '060  grammes  of  acetic  acid 
Other  organic  acids  will  be  estimated  as  acetic  acid. 

/.  Free  acetic  acid  may  also  be  determined  by  adding  excess  of 
pure  precipitated  barium  carbonate  to  the  solution.  The  liquid  is 
well  boiled,  filtered,  and  the  barium  in  the  filtrate  precipitated  by 
dilute  sulphuric  acid.  233  parts  of  BaSO^  obtained,  represent  120 
of  HC2H3O2  in  the  sample  taken.  This  process  is  applicable  in 
presence  of  oxalic,  phosphoric,  sulphuric,  and  other /ree  acids  form- 
ing insoluble  barium  salts,  but  is  useless  in  presence  of  soluble 
oxalates,  phosphates,  sulphates,  &c.  The  method  is  available  in 
presence  of  alkaline  chlorides,  &c.,  but  not  in  presence  of  free 
hydrochloric  acid,  unless  the  solution  be  previously  treated  with 
excess  of  argentic  sulphate.  Acetates  and  chlorides  of  metals  of 
the  alkalies  and  the  alkaline-earths  do  not  interfere,  but  acetates 
and  other  salts  of  iron,  aluminium,  and  other  metals  precipitable 
by  barium  carbonate  must  be  absent. 

(J.  Weigert  determines  the  free  acetic  acid  in  wine,  by  distilling 
four  or  five  times  to  dryness  under  greatly  reduced  pressure,  and 
titrating  the  distillate. 

h.  The  determination  of  acetic  acid  in  acetates  is  best  effected 
by  distilling  the  salt  to  dryness  with  a  moderate  excess  of  sulphuric 
acid,  or  with  acid  sodium  sulphate.  Water  should  then  be  added 
to  the  contents  of  the  retort,  and  the  distillation  repeated.  A  third, 
and  even  a  fourth,  distillation  will  sometimes  be  necessary,  as  the 
last  traces  of  acetic  acid  are  volatilised  with  extreme  difficulty. 

In  presence  of  hydrochloric  acid  or  chlorides,  excess  of  sulphate 
of  silver  should  be  added  before  commencing  the  distillation. 

In  presence  of  sugar  or  other  bodies  liable  to  decomposition  by 
sulphuric  acid,  phosphoric  acid  should  be  substituted  for  the  latter. 
Care  should  be  taken  that  the  phosphoric  acid  used  is  free  from 
nitric  and  other  volatile  acids.  This  is  best  ensured  by  adding  a 
little  ammonia,  and  heating  the  acid  to  fusion  in  a  platiniiiu 
cnicible. 

This  plan  is  of  service  for  the  determination  of  acetic  acid  in 
wine.  A  measured  quantity  of  the  sample  is  neutralised  with 
baryta,  the  alcohol  distilled  off,  phosphoric  acid  added  to  the 
residue,  and  the  distillation  repeated,  the  process  being  carried 
nearly  to  dryness.  To  obtain  the  last  traces  of  acetic  acid,  water 
should  be  added  and  the  distillation  repeated. 
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I  ijrcsence  of  its  Iiomo- 


¥oT  Uie  detpniiiiiutiun  of  nreti 
logiies,  see  jiar.  926. 

H90.  Pyroligneoas  Acid. 

Frenrh — Auide  Pyroligneux,  or  Vinuigre  de  Bois.      Gennan — 
Holz-Bssig,  or  Hulz-saure. 

Pyroligneous  acid  or  wood-vinegar  ia  the  eradc  ncetic  a^id  oU 
tained  by  the  dietiUation  of  wood.  It  is  a  very  complvoc  producti 
cuntainiiig,  beBides  acetic  a4iid,  all  the  homulogues  of  acetic  Acid 
front  formic  to  cajiroic  acid ;  ctutonic  and  angelic  acidi; ;  furfurol ; 
bodies  of  iadefiuite  nature  called  "wood-oils";  pyrfKaitechol  ami 
creosol ;  acetone,  ami  other  ketonea  of  the  acetic  and  oleic  aeries ; 
methyl  alcohol  aiid  the  other  constituents  of  wood-spirit ;  Sic.  By 
neutraliaitig  the  crude  product  with  time  and  distilling,  the  Tolatile 
Bubstanues  of  indifferent  nature  are  removed.  \Mien  partially 
concentrated,  the  solution  is  faintly  acidulated  with  hydrochloric 
acid,  when  creusote  and  various  tarry  maltera  separate  out ;  anil 
the  clear  liquid  on  evaporation  to  Jryneaa  yields  a  timwniiih 
residue,  which  is  heated  to  about  230°  C,  to  decompose  tlie  ein- 
pyreumatic  products.  On  ilistillation  with  hydrochloric  acid  a 
comparatively  pure  acid  may  be  obtaineil,  which  can  be  furtlier 
purified  ])y  rectification  with  a  little  potn^aium  bichromate.  A 
better  proiluct  ia  said  to  l>e  obtainable  by  converting  the  acid  into 
a  Bodiuni  salt,  heating  to  destroy  tarry  mutters,  and  distilling  witi) 
Iiydrocbloric  or  sulphuric  acid.' 

891.  Pyroligneous  acid  varies  much  in  strength  according  to  the 
kind  and  state  of  division  of  the  wood  used  for  distillation,  and  is 
also  affected  by  the  construction  of  the  retorts.  Lopwood  yields 
stronger  acid  and  less  tarry  and  resinous  matters  tlian  si>eQt  dye- 
woods  and  sawdust,  even  though  the  mxan  kind  of  wood  b« 
employciL 

Pyroligneous  acid  from  finely-divided  wood  has  a  density  of 
1"040  to  1"045,  and  contains,  on  an  average,  about  4j   j>er  cent. 

'  Tbe  empyreiimitic  flavour  wliioh  cliogs  no  persiBtEntly  to  acetic  add 
derived  from  tb«  iLry  distillatioa  of  yotxX,  is  in  great  tDeuore  due  to  th«  pre- 
sence of  fiirfuraldehyde  or  furfurol,  CgH^O,  vapouis  of  wUob 
are  always  produced  if  a  varm  oiixCiire  of  Bulphurie  acid  and  water  be  poured  on 
bmu  or  eawdust,  or  IF  bran  be  distilled  with  an  vqual  wcigbt  of  sulphuric  add 
and  three  parts  of  water.  If  the  vaponra  of  furfural  be  evolved  in  ■  beaker 
covered  with  filter  paper  soaked  ia  aniline,  the  latter  irill  acquire  a  Gas  nd 
colour,  which,  however,  soon  disappears.  This  reaction  may  lie  employed  hi 
the  detection  of  furfurol,  which  may  bo  removed  from  pyroligneoiu  acid  bf 
oj^tatiug  the  liquid  with  2  or  3  per  cent,  of  benzene.  The  mineona  Iqnt, 
after  sei«nition  from  the  bfliuene,  is  itated  to  give,  by  a  single  dismiatbn^  a 
very  palntsble  table- vinejtar. 
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of  real  acetic  acid  (H,C2H302).     The  product  of  the  distillation  of 
lop-timber  contains  an  average  of  7f  per  cent,  of  real  acid. 

892.  The  strength  of  pyroligneous  acid  may  be  ascertained  by 
titration  with  standard  alkali  and  phenolphthalein,  but  the  liquid 
is  frequently  too  dark  in  colour  to  permit  of  the  end-reaction  being 
readily  observed  (see  par.  889,  b).  Sulphates  and  acetates  of  calcium 
and  sodium  are  frequently  present.  In  the  absence  of  sulphates, 
pyroligneous  acid  is  best  assayed  by  treatment  with  excess  of 
barium  carbonate,  with  estimation  of  the  dissolved  barium  as  sul- 
phate (par.  889,  /). 

893.  Commercial  Acetic  Acid  varies  in  strength  from 
the  nearly  absolute  glacial  acid  to  the  weakest  vinegar.  The  pro- 
portion of  real  acetic  acid  may  be  ascertained  by  the  methods 
already  described  (par.  889) ;  in  certain  cases  by  the  density ;  and 
in  the  case  of  glacial  acid  by  the  solidifying  point. 

The  assay  of  glacial  acetic  acid,  pyroligneous  acid,  and  vinegar 
is  described  in  the  respective  sections  treating  of  these  products. 

894.  Commercial  acetic  acid  is  commonly  prepared  by  distilling 
the  acetate  of  sodium  or  calcium  with  sulphuric  or  hydrochloric 
jicid.     It  is  liable  to  contain  the  following  impurities : — 

Sulphuric  Acid  and  Sulphates,  indicated  and  determined  by 
addition  of  barium  chloride,  which  in  their  pi-esence  throws  down 
white  barium  sulphate.^ 

Sidphurous  Acid,  indicated  by  adding  barium  chloride  in  excess, 
filtering  from  any  precipitate,  and  adding  bromine  water  to  the 
clear  filtrate.  An  additional  precipitate  of  barium  sulphate  indi- 
cates the  previous  presence  of  sulphurous  acid,  and  from  its  weight 
the  amount  of  impurity  can  be  calculated. 

Hydrochloric  Acid  and  Chlorides,  detected  and  estimated  by 
addition  of  nitrate  of  silver. 

Copper  and  Lead,  detected  by  evaporating  a  considerable  bulk  of 
the  sample  to  a  small  volume,  diluting  with  water,  adding  a  few 
drops  of  hydrochloric  acid,  and  passing  sulphuretted  hydrogen, 
which  produces  a  black  or  brown  coloration  or  precipitate  in  pres- 
ence of  lead  or  copper.  If  much  organic  matter  be  present,  the 
evaporation  should  be  carried  to  dryness,  and  the  residue  ignited 
in  porcelain.  The  heavy  metals  are  then  sought  for  in  the  residue 
in  the  manner  described  in  par.  104.  A  delicate  test  for  copper 
is  the  red-brown  precipitate  or  coloration  produced  by  potassium 
ferrocyanide  in  the  original  liquid,  or  the  same  concentrated  and 
then  diluted  with  water.  If  iron  be  present  in  such  quantity 
as  to  give  a  blue  precipitate  and  thus  interfere  with  the  reaction, 

^  For  the  detection  and  estimation  of  small  amounts  of  free  sulphuric  and 
hydrochloiie  aeids  in  aeetio  add  and  vinegar,  see  page  390  et  aeq. 
VOL.  !•  2  B 
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it  must  first  he  removed  by  addition  of  bromine  water  and  esww 
of  ammonia,  and  copper  sought  for  in  the  filtrate  after  acidif3iBf[ 
with  acetic  or  hydrofhloric  acid.  Samples  of  pickles  siu- 
])ected  to  be  coloured  with  copper  should  be  moietened  with  sul- 
phuric acid,  ignited,  and  the  afih  iliBBolved  in  nitric  ticid,  and  tul«d 
in  acid  solution  with  potassium  feiTocyanide,  after  eepamtioa  of 
the  iron  and  phosphates  with  amnionia.  The  copper  can  be  doteis 
mined  by  electro-deposition  on  the  inside  of  a  platinum  cmable 
by  a  current  from  one  eeU  of  Grove's  battery,  or  by  predpitaMcm 
with  a  stick  of  cadmium.  Tin  and  rinv  have  been  occasioDAlly 
met  with  in  acetic  acid  and  vinegar  (see  para.  104  and  917). 

Sa^ln  of  Caleium  are  detected  by  partially  neutralising  the  sol- 
ution with  ammonia  and  adding  ammonium  oxalate,  which  iriU 
produce  a  white  precipitate  of  calcium  oxalate. 

EmpyreiniuUic  and  Indefinite  Organic  Bodies  may  hv.  dctect«d  by 
exactly  neutralising  the  acid,  with  sodium  carbonate  and  lasting  and 
smelling  the  warmed  liquid.  The  neutralised  acid  gives  a  preci[U- 
tate  when  heated  to  boiling  with  ammonio-nitrate  of  silver,  and  tli^ 
original  acid  darkens  when  heated  to  boilmg  with  an  equal  meamn 
of  concentrated  sulplniric  acid,  if  the  above  impurities  are  preseut,' 
A  comparative  eatimate  of  the  proportion  of  empyreumatic  impnri- 
tiea  present  may  bo  made  by  diluting  10  c,c  of  the  sample  to  <00 
cu.  with  water,  adding  hydrochloric  aciil,  and  titrating  with  per 
manganatc  till  the  pink  colour  is  permanent  for  one  minute^ 

General  Fixed  ImjiaHties  are  detected  and  estimated  by  evapor- 
ating of  a  known  measure  of  tiie  aamplp  to  dryness  and  weighing 
the  residue. 

895.  Glacial  Acbtic  Acib  (Absolute  Acetic  Acid).  The  pWK 
[Hirties  of  this  guhatance  have  heen  already  described  (page  3T9). 

Commercial  glacial  acetic  actd  should  contain  at  least  97  per 
cent,  of  the  absolute  acid.  This  may  be  ascertained  by  agib 
1  volume  of  the  sample  with  9  of  oil  of  turpentine.  Complete 
solution  occurs  M  the  strengtli  is  97  per  cent  or  above.  Sam[Jea> 
coutaining  99'5  per  cent  of  absolute  acid  are  misciblo  vnth  oQ  of 
turpentine  in  all  proportions.  Oil  of  lemon,  if  freshly  distQIedf 
may  be  employed  instead  of  turpentine. 

A  more  delicate  test  for  water  is  to  treat  the  sample  in  a  diy 
test-tube  with  an  equal  measure  of  carbon  djeulphide,  aiid  i 
the  mixture  in  the  hand  for  a  few  minutes.  The  liquid  will  )#■ 
turbid  if  any  water  be  present  in  the  sample. 

'  A  sample  of  glaciB.]  acetic  acid  containing  fully  S9  per  c«at.  of  CjHjOj  mi 
ubaerrod  by  V.  Meyer  to  give  a  deep  rod  coloration  with  aniline.  Thia  propertf 
b«  traced  to  the  presence  of  forfnrol  (sv«  footnoM  on  pnge  3S4),  and  * 
the  ilepth  of  the  coloration  prodiLced  eatimAted  tbe  proportioa  of  the  impi 
to  be  0*1  OS  grammes  per  litre  of  the  udd. 
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896.  The  influence  of  various  proportions  of  water  on  the  melt- 
ing point  of  glacial  acetic  acid  is  shown  in  the  following  tahle  by 
Kudorff  {Pharm.  Jour.  [3],  ii.  241). 


SoIIdifjrinR  Point. 

Water  to  100  parts  of 

SoUdifying  Point. 

Water  to  100  part*  of 

•c. 

real  CsHfOg. 

•c. 

real  C2H4O2. 

+  16-70 

0-0 

6*25 

8-0 

16-66 

0-6 

5-30 

9-0 

14-80 

1-0 

4-30 

100 

14  00 

1-5 

3-60 

11-0 

13-25 

2-0 

2-70 

ISO 

11-95 

8  0 

-0-20 

16  0 

10-60 

4  0 

-2-60 

18-0 

9-40 

6  0 

-5-10 

21  0 

8-20 

6  0 

-7*40 

24-0 

7-10 

7-0 

The  strength  of  glacial  acetic  acid  may  also  be  determined  as  in 
par.  889.  The  density  is  n6t  an  indication  of  value.  Impurities 
may  be  sought  for  as  in  par.  894. 

897.  Vinegar. 

French — Vinaigre.  German — Essig. 

Properly  speaking,  vinegar  is  a  more  or  less  coloured  liquid, 
consisting  essentially  of  impure  dilute  acetic  acid,  obtained  by  the 
oxidation  of  wine,  beer,  cider,  or  other  alcoholic  liquid.  Some- 
times the  term  is  improperly  extended  to  pyroligneous  acid,  or 
"  wood-vinegar,"  while  acetic  acid  is  called  "  distilled  vinegar." 

898.  The  acetification  of  alcohol  appears  to  occur  in  two  stages, 
the  first  resulting  in  the  formation  of  aldehyde,  CgH^O, 
while  this  is  further  changed  to  acetic  acid,  €211402.^  Both 
reactions  require  the  presence  of  free  oxygen,  and  in  practice  they 
occur  simultaneously.  Although  the  reaction  between  alcohol 
and  atmospheric  oxygen  takes  place  imder  the  influence  of  platinum- 
black  and  certain  other  bodies,  the  formation  of  vinegar  from 
alcoholic  liquids  appears  in  practice  to  depend  on  the  presence  of  an 
organised  ferment  called  the  mycoderma  aceti.  Various  mechanical 
arrangements  are  employed  to  expose  a  large  surface  of  the  alcoholic 
liquid  to  the  air,  so  as  to  diminish  the  time  required  for  acetification. 

899.  Besides  acetic  acid,  vinegar  often  normally  contains  more 
or  less  of  other  organic  acids,  sugar,  dextrin,  colouring  matters,  <fec. 
The  ^reeable  aromatic  smell  is  doubtless  due  to  characteristic 
ethers,  and  is  sometimes  imitated  by  direct  addition  of  ethyl  acetate. 

1  CjHeO  +  0  -  CJH4O  +  HaO  ;  and 
CjH^O  +  O-CjH^Os. 
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900.  The  "Vinegar"  of  the  British  Pharmacopoeia  has  a  density 
of  1'017  to  1*019,  and  contains  at  least  5*4  per  cent,  by  weight 
of  absolute  acetic  acid  (C2H^02).     The  speci^c  gravity  of  vinegar 
is  of  no  value  as  an  indication  of  its  strength  in  acetic  acid,  as  the 
proportion  of  extractive  matter  varies  much  in  vinegar  from  various 
sources.^     The  "  proof  vinegar  "  of  the  Excise  contains  about  5  per 
cent,  of  acetic  anhydride  (C^HgOj),  or  6  per  cent,  of  the  al^olute 
acid,  and  has  a  density  of  1*019.     By  the  manufacturer,  vinegars 
of  different  strengths  are  distinguished  by  the  number  of  grains  of 
pure  dry  carbonate  of  sodium  required  for  the  neutralisation  of  one 
fluid  ounce.     Thus  "proof  vinegar"  is  known  as  "No.  24,"  from 
the  fact  that  24  grains  of  NagCOg  are  required  for  the  neutralisa- 
tion of  one  ounce.     The  weaker  qualities  are  Nos.  22,  20,  and  18. 
As  60  grains  of  absolute  acetic  acid,  or  61  of  acetic  anhydride,  are 
neutralised  by  53  of  sodium  carbonate,  the  number  of  graitis  of 
the  real  acid  contained  in  each  fluid  ounce  of  the  vinegar  can  be 
ixscertained  by   multiplying   the     "number"   of   the    sample  by 
gg  =  1*132.     If  the  "number"  be  multipHed  by  the  factor  '259, 
the  product  will  be  the  parts  by  weight  of  absolute  acid  {C^fi^ 
in  100  measures  of  vinegar. 

The  vinegar  of  the  German  Pharmacopoeia  is  required  to  con- 
tain at  least  6  per  cent,  of  absolute  acetic  acid.  In  Russia  the 
minimum  limit  of  strength  is  5  per  cent.  ;  in  Austria,  6 ;  in 
Belgium,  5*6  ;  in  France,  8  to  9  ;  and  in  the  United  States,  4*6 
per  cent. 

Hence  it  may  be  asserted  that  genuine  vinegar  of  good  quaHty 
does  not  contain  much  less  than  5  per  cent,  of  absolute  acetic 
acid,  though  something  depends  on  the  origin  of  the  vinegar, 
cider-vinegar  being  naturally  the  weakest  and  wine-vinegar  the 
strongest  in  acetic  acid.  Vinegar  containing  less  than  3  per 
cent,  of  real  acetic  acid  may  be  regarded  as  diluted  with  water,  or 
at  any  rate  as  unfit  for  use. 

The  proportion  of  acetic  acid  in  vinegar  may  be  ascertained  by 
titration  with  standard  caustic  alkali,  litmus-paper  or  phenol- 
plitlialein  being  used  as  an  indicator.  Other  methods  are  described 
in  par.  889. 

901.  Wine- Vinegar  varies  in  colour  according  as  its  origin  is 
white  or  red  wine,  that  derived  from  the  former  being  most  esteemed 

^  The  excess  of  density  of  dilute  acetic  acid  over  that  of  water  is  said  to  be 
<ioubled  on  neutralisation  with  lime.  This  fact  affords  a  means  of  roughly 
assaying  vinegar  and  ascertaining  the  proportion  of  extract.  Thus,  if  a  sample 
have  a  density  1*017,  increased  to  1024  on  neutralisation  with  lime,  then  the 
density  of  the  pure  acetic  acid  present  would  be  1*007,  and  that  of  the 
''extract"  1*010. 
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It  contains  from  6  to  1 2  per  cent,  of  absolute  acetic  acid,  has  a  low 
density  (1*014  to  1*022),  and  an  extract  varying  from  1*7  to  2*4 
per  cent,  (average  2*05).  If  the  "extract"  or  residue  left  on 
evaporation  be  treated  with  alcohol,  nearly  everything  dissolves 
except  a  granular  residue  of  tartar,  while  vinegars  made  from  malt 
or  sugar  leave  a  more  or  less  glutinous  residue,  only  sparingly  sol- 
uble in  alcohol.  The  amount  of  "  tartar  "  (acid  tartrate  of  potas- 
sium) contained  in  wine-yinegaT  averages  0*25  per  cent.  Its 
presence  is  peculiar  to  wine-vinegar.  The  tartar  may  be  proved 
to  be  such  by  pouring  off  the  alcohol  and  dissolving  the  residue  in 
a  small  quantity  of  hot  water.  On  cooling  the  aqueous  solution, 
and  stirring  the  sides  of  the  vessel  with  a  glass  rod,  the  acid 
tartrate  of  potassium  will  be  deposited  in  streaks  in  the  track  of 
the  rod.  An  addition  of  an  equal  bulk  of  alcohol  makes  th«- 
reaction  more  delicate.  Tartaric  acid  is  occasionally  added  to 
vinegar  as  an  adulterant,  in  which  case  the  residue  left  on 
evaporation  at  a  steam-heat  is  viscous  and  highly  acid.  By 
treatment  with  proof-spirit  any  free  tartaric  acid  is  dissolved,  and 
may  be  detected  in  the  solution  by  adding  a  solution  of  acetate  of 
potassium  in  proof-spirit,  and  stirring  with  a  glass  rod.  In 
presence  of  tartaric  acid,  streaks,  and  probably  a  distinct  precipi- 
tate, of  acid  potassium  tartrate  will  be  produced.  By  titrating  the 
precipitate  with  standard  alkali,  the  amount  of  free  tartaric 
acid  in  the  vinegar  can  be  determined. 

902.  CiDEBr Vinegar  is  yellowish,  has  an  odour  of  apples,  a 
density  of  1*013  to  1*015,  and  contains  3 J  to  6  per  cent,  of 
acetic  acid.  On  evaporation  to  dryness  it  yields  from  1*5  to  1*8 
per  cent,  of  a  mucilaginous  extract,  smelling  and  tasting  of  baked 
apples,  and  containing  malic  but  no  tartaric  acid.  Cider- 
vinegar  gives  slight  precipitates  with  barium  chloride,  silver  nitrate, 
and  ammonium  oxalate.  Perry-vinegar  presents  similar 
characters.  Crab-vinegar,  made  from  the  crab-apple,  is  well 
known  in  Wales  and  the  adjacent  counties. 

903.  Beer-  and  Malt-Vinegars  have  a  high  density  (1'021  U> 
1*025),  and  yield  5  to  6  per  cent,  of  extract,  containing  a  notable 
proportion  of  phosphates.  The  acetic  acid  varies  from  3  to  6  per 
cent.  Barium  chloride  and  silver  nitrate  frequently  give  con- 
siderable precipitates,  owing  to  the  presence  of  sulphates  and 
chlorides  in  the  water  used  in  the  manufacture  (see  note  on  page 
391). 

904.  Glucose-  or  Sugar- Vinegar  is  now  extensively  prepared 
from  amylaceous  materials  by  conversion  with  dilute  acid,  followed 
by  fermentation  and  acetification.  Glucose- vinegar  usually  con- 
tains dextrose,  dextrin,  and,  very  often,  calciimi  sulphate  (see  par. 
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708).  Hence  it  reduces  Fehling's  copper  solution,  and  usually 
gives  abundant  precipitates  with  barium  chloride  and  ammoniam 
oxalate,  and  frequently  with  silver  nitrate  also.  When  mixed  with 
three  or  four  times  its  volume  of  strong  alcohol,  glucose-vinegar 
gives  a  precipitate  of  dextrin.  It  is  best  to  concentrate  the  sample 
before  applying  this  test.  Dextrose  is  best  detected  and  determined 
by  evaporating  60  c.c.  of  the  sample  to  a  syrup  and  adding  alcohol 
The  liquid  is  filtered,  decolorised  by  boiling  with  animal  charcoal, 
again  filtered,  the  alcohol  boiled  off,  and  the  glucose  estimated  by 
Fehling's  copper  solution.  Glucose-vinegar  is  said  to  be  employed 
in  France  for  adulterating  wine-vinegar. 

905.  Artificial  Vinegar  is  said  to  be  made  by  mixing  wine 
and  acetic  acid  (often  pyroligiieous).  Such  vinegar  would  give  off 
imflammable *  vapours  of  alcohol  when  boiled.  Another  facti- 
tious vinegar  is  made  by  diluting  acetic  acid  to  the  strength 
of  proof-vinegar,  colouring  it  with  burnt  sugar,  and  flavouring  it 
with  a  little  acetic  ether.  Such  a  product  differs  from  malt- 
vinegar  by  containing  no  phosphates,  and  from  wine  and  cider- 
vinegars  in  the  absence  of  tartaric  acid  and  malic  acid  respectively. 

Wood- Vinegar  is  a  name  sometimes  applied  to  pyroUgneoiw 
acid. 

906.  Aromatic  Vinegar  is  a  product  obtained  by  distilling  a 
metallic  acetate,  usually  crystallised  cupric  acetate.  The  presence 
of  acetone  and  other  bodies  imparts  an  agreeable  aroma.  A  small 
addition  of  camphor  or  essential  oil  is  often  made. 

907.  Mineral  Acids  in  Vinegar. 

Very  weak  vinegar  is  liable  to  a  putrid  fermentation,  to  prevent 
which  the  addition  of  1  gallon^  of  sulphuric  acid  to  1000  gallons 
of  vinegar  was  permitted  by  an  Excise  regulation.  This  addi- 
tion is  now  known  to  be  unnecessary  with  good  vinegar,  and  is 
abandoned  by  the  best  makers,  though  the  practice  is  not  obsolete, 
and  the  legal  [)roportion  of  sulphuric  acid  has  been  occasionally 
largely  exceeded.  In  addition  to  sulphuric  acid,  hydrochloric  acid 
has  been  occasionally  added  to  vinegar,  but  the  adulteration  of 
vinegar  with  mineral  acids  is  now  very  rarely  practised. 

For  detecting  mineral  acids  in  vinegar  various  tests  have  been 
<ievised,  but  the  majority  are  either  imtrustworthy  or  deficient  in 
ilelicacy.  Some  are  applicable  to  the  detection  of  sulphuric  acid 
only,  whilst  others  include  hydrochloric  and  other  mineral  acids 
also.     The  employment  of  barium  chloride  and  silver  nitrate,  for 

*  This  proportion  of  1  gallon  to  1000  is  often  erroneously  stated  at  0*1  per 
cent. ,  whereas  the  true  proportion  resulting  from  the  above  admixture  is  about 
0*185  parts  by  weight  of  sulphuric  acid,  or  nearly  twice  as  much  as  is 
generally  assumed. 
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the  detection  of  sulphuric  and  hydrochloric  acids  respectively,  has 
led  several  analysts  into  error,  owing  to  the  presence  naturally  of 
sulphates  and  chlorides  in  the  water  employed  in  the  manufac- 
ture of  the  vinegar.^ 

Another  circumstance  which  complicates  the  prohlem  is  that 
the  addition  of  a  mineral  acid  in  moderate  quantity  merely  decom- 
poses the  acetates  naturally  present  in  the  vinegar,  with  liberation 
of  acetic  acid  and  formation  of  metallic  sulphates  or  chlorides. 
Hence,  only  the  excess  of  mineral  acid  beyond  that  required  for 
the  decomposition  of  the  acetates,  &c.,  can  exist  in  the  free  state, 
iind  to  the  presence  of  such  free  mineral  acids  only  can  objection 
reasonably  be  taken,  unless  the  mineral  acid  used  were  contamin- 
ated with  arsenic. 

908.  Acetates,  and  most  other  salts  of  organic  acids,  are  decom- 
posed by  ignition  into  carbonates,  having  an  alkaline  reaction  to 
litmus,  while  sulphates  and  chlorides  of  the  light  metals  are  un- 
changed on  ignition,  and  possess  a  neutral  reaction.  Hence,  if  the 
ash  of  a  vinegar  have  a  sensibly  alkaline  reaction,  acetates  must 
have  been  present  in  the  original  vinegar,  and  therefore  no  free 
sulphuric  or  hydrochloric  acid  can  have  been  present.  To  deter- 
mine the  amount  of  free  mineral  acid,  it  is  sufficient  to  carefully 
neutralise  the  vinegar  with  standard  solution  of  soda  before  eva- 
poration to  dryness  (the  same  process  serves  for  a  determination  of 
the  total  free  acid),  ignite  the  residue,  and  titrate  the  aqueous 
solution  of  the  ash  with  standard  acid.  If  the  free  acid  originally 
present  were  wholly  organic,  the  ash  will  contain  an  equivalent 
amount  of  alkaline  carbonate,  which  will  require  an  amount  of 
standard  acid  for  its  neutralisation  exactly  equivalent  to  the 
amount  of  standard  alkali  originally  added  to  the  vinegar.      Any 

*  A  remarkable  water  of  this  character  is  employed  by  Hill  &  £yan^  of 
Worcester.     An  analysis  of  it,  made  in  1874  by  Dr  Lctheby,  showed  : — 

Total  solids, 266 '59  grains  per  gallon. 

Sulphuric  acid  (SO,),  .        .  97*14  „ 

Chlorine, 48-44  „ 

Hardness, 123*5    degrees 

At  the  same  time,  Dr  Letheby  determined  the  sulphuric  acid  and  chlorine  in 

two  samples  of  the  vinegar  in  the  store- vats  at  the  works,  and  in  a  sample  of 

Messrs  Hill  &  Evans'  vinegar  purchased  of  a  retail  dealer  at  Bedford,  and  said 

to  be  adulterated.     The  following  were  the  results  obtained  from  the  samples 

in  question : — 

Snlphork  Acid  (SO,).       Chlorine. 

A.  Vinegar  from  store- vats,         .     90*79  grs.  per  gall.  50*33  grs.  per  gall. 

B.  „  „  .     92*19  „  49*98 

C.  Vinegar  from  Bedford,  .        .     91*70  „  49*42 


It 
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deficiency  in  tbe  amount  of  atnndanl  ocid  required  for  ueutrolisa- 
tion  is  due  to  the  free  mineral  acid  originally  present  i 
vinegar.  More  accurate  reaultti  are  obtained  if  the  amount  of 
standard  alkali  added  before  evaporation  is  insufficient  for  the 
coniplete  saturation  of  the  acetic  acid,  but  more  than  enough  for 
the  neutralisation  of  all  mineral  and  fixed  organic  acids  which  mx; 
he  present.  By  thus  proceeding,  decinormal  alkali  and  acid  may 
be  employe!  (50  ce.  of  the  vinegar  being  iiaed),  and  thus  sharper 
readings  obtained  (0.  Hehner,  Anahjrt,  i  105). 

909.  The  iotai  r.Morim',  existing  lioth  as  free  hydrocliloi 
and  as  metallic  chlorides,  cAtmot  be  determined  in  vinegar  by 
direct  precipitation  with  silver  nitrate,  other  matters  being  thrown 
down  simultaneously.  For  a  correct  determination,  50  c.e.  of  the 
vinegar  should  be  neutraUsed  with  alkali,  evaporated  to  drynew, 
the  residue  ignited,  dissolved  in  water,  and  the  aqueous  Bolutitm 
precipitated  with  excess  of  calcium  sulphate  or  nitrate  to  remove 
phosphates.  Tbe  filtrate  from  this  precipitate  may  be  precipitated 
by,  or  titrated  with,  a  solution  of  silver  nitrate. 

The  sulphuric  acid  and  sulphates  may  l>e  precipitated  l^- 
the  direct  addition  of  barium  chloride  to  the  diluted  vinegar,  Imt 
the  determination  hna  little  value. 

910.  Frei"  giitphiiric  acid,  as  iliatinguished  from  sulphates,  may 
be  determined  with  considerable  accuracy  by  evaporating  100  o.t 
of  the  vinegar  to  a  small  bulk,  and  then  adding  to  the  cold  ood- 
centrated  liquid  four  or  five  times  its  volume  of  alcohol.  Sulphates 
are  precipitat<'d,  while  free  sulphuric  acid  remains  in  solutJon. 
Tbe  filtered  liquid  is  diluted,  the  alcohol  boOed  off,  and  the  sul- 
phuric acid  precipitated  with  barium  chloride.  The  precipitate  is 
filtered  off,  washed,  dried,  ignited,  and  weighed.  Its  weight,  mal- 
tiplied  by  0"4206,  give*  the  weight  of  sulphuric  acid  (HjSOJ  iu 
tha  quantity  of  vinegar  taken.  In  a  vinegar  free  from  chlorides 
this  process  gives  results  in  accordance  with  Helmet's  process,  hut 
in  their  presence  the  mineral  acid  fotmd  is  deficient  by  the  amount 
of  sulphuric  ucid  required  to  decompose  the  ehloridea.  This 
difficulty  may  he  obviated  by  treating  the  vinegar  wit' 
sulphate  of  silver  solution  before  evaporation,  by  wliich  treatment 
any  free  hydrochloric  ia  nlso  estimated  as  sul])huric  acid  {Anaty^, 
iii.  290). 

91 1.  All  ingetuoua  method  of  detecting  free  ajilphuric  acid  in 
vinegar  and  wine  has  been  described  by  Casali.  20  grammw 
weight  of  the  sample  is  ground  up  in  a  mortar  with  about  80 
grammes  of  finely  fiowdered  porcelain  (previously  treated  vit^ 
hydrochloric  acid  to  remove  every  trace  of  free  alkali),  so  that  ths 
mixture  ia  not  moist  to  the  touch.     The  whole  is  ttteu  ground  a|k 
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witli  50i:.c.  of  ether  (previously  ngitated  with  niagiiPMia  and  water  to 
neutralise  any  trace  of  aoid)  tilteretl,  and  washed  with  ether.  The 
filtrate  is  then  Bhaken  with  a  little  distilled  water,  the  ether  dis- 
tilled off,  and  the  residue  precipitated  ^with  barium  cldoride. 
O'OOOS  granune  of  free  sulphuric  acid  can  be  readily  detected  by 
this  method. 

913.  A  very  simple,  aud  appareutlj  relitkhle,  method  of  detect- 
ing free  mineral  acids  in  vinegar  has  teen  described  by  A.  Ashby 
{Analyst,  ix.  96).  A  solution  of  logwood  is  prepared  by  pouring 
100  c.c.  of  boiling  water  on  about  2  graiiimefi  of  fresh  logwood 
chips,  and  then  allowing  the  decoction  to  stand  for  a  few  hours. 
Separate  drops  of  this  solution  are  spotted  on  the  surface  of  a  flat 
porcelain  dish,  or  on  the  cover  of  a  porcelain  crucible,  and  evapor- 
ated to  dryness  over  a  beaker  of  boiling  water.  To  each  spot  a  drop 
of  the  suspected  sample  {previously  concentrated  if  thought  desir- 
able) should  be  added,  and  the  heating  continued  till  the  liquid  has 
evaporated.  If  the  vinegar  be  pure  the  residue  will  be  found  to 
have  a  bright  yellow  colour,  but  in  presence  of  a  very  small  pro- 
portion of  mineral  nuid  the  residue  assumes  a  red  colour. 

If  the  proportion  of  mineral  acid  be  very  small,  the  red  colour  is 
destroyed  on  adding  water  to  the  residue,  hut  is  restored  on  re- 
evaporating,  except  in  the  case  of  nitric  acid. 

913.  Tartarie  Acid  in  vinegar  may  be  detected  as  described 
in  par.  901.     It  is  a  normal  constituent  of  wine  vinegar. 

914.  Oxalic  Acid  may  be  detected  liy  evaporating  20  cc  of  the 
vinegar  to  a  small  bulk,  diluting  the  residue  with  water,  and 
adding  ctdciiun  acetate  solution,  or  »  mixture  of  acetate  of  am- 
monium and  chloride  of  calci\mi.  Any  oxalic  acid  causes  the 
formation  of  white  oxalate  of  calcium. 

915.  Atomic  has  been  occasionally  met  with  in  vinegar,  and 
may  be  introduced  by  the  addition  of  impure  hydrochloric  or  sul- 
phuric acid.     It  may  readily  he  detected  by  Marsh's  or  Reinaeh's  test. 

916.  Zcat/ aud  C'v^f^r  may  be  detected  as  described  in  par.  104. 

917.  Zinc  is  occasionally  present  in  vinegar.  It  may  he 
detected  by  boiling  down  the  vinegar  to  dryness  with  nitric  acid, 
dissolving  the  resi^Xne  in  acidiUated  water,  passing  sulphuretted 
hydrogen,  filtering  from  any  precipitate,  and  then  adding  am- 
monium acetate,  when  whil«  sulphide  of  zinc  will  be  thrown 
down  if  the  metal  be  present.'  A  less  satisfactory  method  is  to 
neutralise  the  greater  part  of  the  free  acrid  in  the  original  vinegar 

'  In  preiience  of  iron,  the  white  iii'eci[jitiite  tuii]'  bo  more  or  Ices  diacoloured, 
aud  Bhauld  be  filtered  olT,  diuotved  in  btoDiinc  water,  tlie  solution  aculy 
neutralised,  boiled  with  Bminoaiam  acetate,  filtered,  and  aulpbunitted  hydrogen 
■gun  fUMd.  thnnigti  tb*  filtrate 
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by  aminonifl,  and  thvn  at  onct  pass  aulphuretted  hydioyeii.     Ziiw 
luay  iiIku  be  Bought  for  fis  described  in  par.  104. 

918.  Cayenne  Pepper,  Ginger,  &c.,  are  sometimes  added  to  vine- 
gai'  to  confer  pungency.  They  nmy  be  detected  by  neittralisiDg  the 
concentrated  vinegar  with  sodium  carbonate  and  tatting  the  liquid. 

919.  Flies  {Mu^a  cellars)  and  "Eels"  {Vibrio  eattc)  art 
uften  found  in  vinegar.  They  are  readily  delected  by  the  miao- 
scope,  and  may  be  destinyed  by  misiug  the  temperature  of  tlie 
liquid  to  100°  C. 

Metallic  Acetates. 

920.  Many  of  these  important  salts  are  extensively  uBcd  in  tht 
arts,  medicine,  &c.  Their  analytical  characters  and  the  genenl 
methods  adopted  for  their  assay  have  been,  in  great  meBsure,  de- 
scribed  already  (pars.  888,  889).  The  following  observations,  there- 
fore-, have  reference  chiefly  to  the  detection  of  impurities  and  adul- 
terations in  commercial  acetates  of  the  uietals.  Sections 
Creating  of  the  acetates  of  ctbyl,  amyl,  morphine,  roeauUine,  &c, 
will  be  found  in  other  parts  of  this  work. 

921.  Potassium  Acetate.  KC^^Og.  This  salt  exists  in 
several  vegetable  seeretions.  It  is  deliquescent,  very  soluble  in 
water  and  alcohol,  and  in  solution  is  neutral  to  test-papeK  It 
undergoes  fusion  when  heated  to  incipient  redness,  and  at  a  higher 
temperature  decomposes  and  leaves  a  residue  of  potassium  caibonate. 
The  amount  of  acetate  present  in  commercial  samples  of  the  salt  may 
be  detei-mined  by  the  general  methods  given  on  page  382  et  sag. 

922.  CoiTMBRCiAL  AcBTATK  OF  PoTASsnTM  IS  liable  to  contain 
sulphates,  chlorides,  and  carbonates  ;  also  salts  of  iron,  lead,  copper, 
and  zinc ;  and  arsenic  is  occasionally  present.  It  is  sometimes  iih 
tentionally  adulterated,  acetate  of  calcium,  and  sulphate,  tartnt^ 
^md  carlwnate  of  potassium  being  employed  for  the  purpose. 

Acetate  of  potassium  being  readily  soluble  in  rcctitied  spitit, 
any  admixture  of  sulphates,  tartrates,  or  carbonatcg  may  be  detected 
and  estimated  by  treatment  with  that  solvent.  Carbonate  is 
indicated  more  precisely  by  the  alkaline  reaction  of  the  sample ; 
its  precipitation  by  chloride  of  calcium  ;  its  pywer  of  decolorisiiig 
iodised  starch ;  and  by  the  etfervescence  produced  on  adding  an  add. 

923.  Bodinin  Acetate,  NaC^O^,  closely  resembles  th« 
[lotaasium  salt,  but  crystallises  with  three  atoms  of  water.  It  is 
liable  to  contain  the  some  foreign  matters  as  the  acetate  of  potasdiun. 
Crude  sodium  acetate  often  contains  tany  matters  derived  from 
the  pyroligneous  acid  employed  in  its  prepurntion.     Sodium  acetate 

•  has  been  employed  for  preserving  meat.     Its  supersaturated  solu- 
tion lias  been  used  for  filling  railway  cairiage  foot-warmcis. 
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924.  Ammonium  Acetate.  (NHJ.CsHjOe.  This  salt  U  ' 
generally  met  willi  in  suliitiim,  but  uiay  be  obtained  in  tlie  eolid  I 
state,  when  it  is  apt  to  contain  ucetamide,  GgUgOiNK,. 

Ammonium  acetate  is  liable  to  contain  much  the  same  impuritiE« 
as  the  jiotaasium  salt,  and  may  be  examined  in  a  similar  manner. 
It  ahoidd  be  wholly  volatile  on  ignition. 

925.  Calcium  Acetate.  Ca"(C2H,0g)j.  This  salt  crystal- 
liaes  with  difficidty  in  prismatic  needles  containing  one  atom  of 
water.  It  is  decomposed  by  heat  into  acetone,  CjHgO,  and 
calcium  carbonate. 

Calcium  acetate  should  be  completely  solu>ile  in  water  and  in 
proof  spirit.  An  insoluble  residue  may  consist  of  calcium  sulphate, 
carbnnatfi,  &c.  The  solution  should  give  no  precipitate  with  silver 
nitrate  or  barium  chloride.  Potaaaium  ferrocyanide  colours  the  solu- 
tion blue  if  the  siimple  contain  iron,  and  brown  if  copper  be  present. 

926.  Assay  of  "  Acetate  ay  Lime." — Calcium  acetate  is  ob- 
tained in  the  manufacture  of  acetic  acid  from  crude  pyroligneoua 
acid.  The  commerciiil  product  is  often  extremely  impure,  contain- 
ing much  tarry  matter ;  hydrate,  cnrbonate,  and  sulphate  of  cal- 
cium ;  the  calcium  salts  of  the  homologues  of  ac«tiu  acid,  &c.' 
On  this  account  its  assay  is  a  matter  of  some  commercial  importance, 
and  is  not  so  easily  effected  na  might  appear  at  first  sight.  Thus, 
if  the  salt  he  ignited,  and  the  amount  of  acetic  acid  calculated  from 
the  weight  of  the  residual  calcium  carbonate,  or  from  the  amount 
of  normal  acid  the  residue  will  neutralise,  very  erroneous  results 
may  be  obtained.' 

927.  A  much  used  method  of  assaying  crude  acetate  o£  calcium  is 
to  boil  the  aqueous  solution  of  the  sample  with  a  known  amount  of 
carbonate  of  sodiuni,  and  then  to  filter  off  the  precipitated  calcium 

•  W.  GilBS  infomia  tliB  writer  that  formic  acid  is  a  Tery  comnion  if  not « 
ttlent  of  crude  acetate  of  lime,  the  proportiDn  of  calcium  formate 
3  reacbing  4  or  &  per  cent.  When  operating  an  the  lBr);e  scale,  the 
prewnce  of  formatos  is  uniuiBtakable.  On  crystalliaing  out  sodium  acetate 
as  completely  as  possible,  a  dense  syrupy  liquid  is  left  which  contains  sodium 
formate,  reduces  argentic  and  merruric  salts,  end  erolvpa  torrents  of  curbonio 
oxide  whan  treated  with  excess  of  sulphuric  acid. 

'  This  ia  well  shown  by  the  followiug  figures  giTen  by  the  lat«  Mr  William 
Baker.  The  roanlts  in  column  A  were  obtained  by  diatilling  the  uimples  with 
phoapfaorlc  acid,  and  titratiDg  the  distillate  with  atandnrd  alkali.  The  figona 
in  column  B  were  deduced  fram  the  weight  of  the  ash  nf  the  saniple. 

By  dJitUlulon.  [Ij  IgnlElDn. 

cium  acetate,     .         .         .         70-17  per  cent  8E-1T 

„  .         .         .         60-98        „  86-30        • 
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carboiiati!.  The  loss  of  alkaliiiit^  found  oil  titmtiiig  the  filtered 
liquid  represents  thu  amount  of  acetic  acid  proviously  in  combina- 
tioD  with  the  lime.  This  simple  process  eliminates  the  error  caused 
by  the  presence  of  cakium  hydrate  or  carbonate  in  the  sample,  bet 
is  liable  to  give  results  considerably  above  the  truth,  owing  to  the 
acid  character  of  some  of  the  tarry  matters. 

928.  A  method  of  assaying  calcium  acetate,  which  ia  much  used  in 
the  neighbourhood  of  Manchester,  has  been  communicated  to  the 
writer  by  H.  Grimshaw,  who  finds  it  very  satisfactory.  10 
grammes  of  the  sample  of  crude  acetate  of  lime  sliould  he  dissolved 
in  boiling  water,  and  20  grammes  of  ciystallised  sodium  sulphftte 
added.  The  liquid  is  raised  to  the  Irailing  point,  cooled,  diluted 
to  250  c.c,  and  allowed  to  stand  for  six,  or  preferably  for  twelve, 
horns.  The  calcium  will  then  have  separated  as  a  crystalline  pre- 
cipitate of  gypsum.  The  liquid  is  next  filtered,  the  precipitate 
washed  with  hot  water,  and  the  filtrate  made  up  to  500  c.c,  50 
C.C.  of  this  solution  (=1  gramme  of  the  sample)  should  then  be 
evaporated  to  dryness  at  100°,  and  somewhat  further  dried  in  an 
air-bath.  The  residue  is  ignited  at  a  red  heat  over  a  good  bansen 
burner  for  half-an-hour,^  allowed  to  cool,  and  treated  with  10  c.c.  of 

'  Theas  are  Mr  Grimahaw'a  directions.  Ths  writer  finds  a  tendsncy  to  in* 
complete  decampoaitioaof  tiieacutaCeiftoo  low  a  temperatm^  lie  UBipioyed.  H> 
prefers  to  KTtLporate  a  meaBUreof  solutioD  representing  5  giuiunes  of  the  aunplt, 
auil  ignite  nt  a  moderate  red  heat  in  a  inuBle,  Bubacqucntlj  moiateniag  the  uh 
with  pero lido  of  liyil  rogen  to  oiidue  nay  sulphides  wbich  may  have  been  formed. 

A  maDufacturer  of  the  acetates  writes  to  the  anthor  as  follows  : — ■"  Aaybod) 
who  haa  norkeil  ont  the  mannfocture  of  acetate  of  aoda,  by  decomposing  thi 
lime  salt  with  aodtum  sulphate,  ia  aware  that,  after  all  the  acetate  of  lodinni 
that  can  he  crystalliaed  out  ia  obtained,  there  remains  a  large  qnantity  of  a 
dark  sympj,  tarry  liquid,  whieh  contains  what,  in  the  preacnt  state  of  our 
knowledge,  can  only ,be  defined  as  t  a  r  T a  t  e  of  a  □  d  i,  or,  at  any  rate,  ranch 
of  the  Boda  ia  combined  irith  acid  or  acids  of  a  nou-rolatile  nature.  In  the 
Bodium  aolphate  process  of  assaying  crude  acetate  of  lime  all  this  nould  be 
reckoned  aa  acetic  acid.  If  the  syrupy  liquid  he  treated  with  as  much  or 
rather  more  aulphuric  acid  than  is  requisite  to  form  NaHSO,  with  the  loda 
previously  ascertained  ta  be  pceaeat,  and  the  mixture  distilled,  only  a  trifling 
quantity  of  volatile  acids  can  be  obtained  even  at  a  coDsiderable  lemperatnra. 
Tet,  if,  as  is  commonly  aaaertad,  the  mother  liquor  from  the  msnufactnTe  of 
sodium  acetate  is  merely  a  saturated  selation  of  sodium  aulphata  and  acetate, 
crystalliaatiou  of  which  salts  is  prevented  by  the  tarry  matters  present,  the 
greater  part  of  the  acetic  acid  present  ou^iht  to  be  racoverabk  by  adding 
sulphuric  acid  and  distilling  ;  while,  aa  a  matter  of  fact,  we  get  at  tirst  only  • 
watery  fluid,  so  weak  aa  not  evauto  pay  for  ths  vitriol  which  is  used,  followed 
by  torrents  of  sulphurous  arid  if  the  distillation  he  continued ;  aud,  if  tbi 
whole  distillate  be  nctihed  over  suHicient  bichruniate  of  polassiam  and 
snlpbuiic  acid  to  destroy  the  SO^  the  yield  of  volatile  acid  ia  practicDlljr  nU." 
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normal  hydrocliloric  «cid,  iidinga  cover  to  avoid  loss.  The  solution 
is  boUpii  well  to  drive  off  carbon  dioxide,  filtered,  the  residual  carbon 
washed,  and  the  filtrate  titrated  with  decinormal  cauetic  alkali, 
using  inothyl-nrange  or  litmus  as  an  indicator.  Each  c.c.  of 
normal  acid  found  to  have  been  nentralised  by  the  ash  rejiresonta 
0"060  gramme  of  acetic  acid  (CjH^Og),  or  0"079  frramme  of  culeiUm 
acetate,  in  the  liquid  (=1  grarame  of  the  sample)  evaporated. 
Great  care  is  requisite  in  conducting  the  titration,  as  a  very  amoll 
difference  in  the  volume  of  alkali  required  makes  a  sensible  change 
in  the  result.  The  portion  of  the  sample  taken  for  the  analysis 
should  be  finely  powdered,  and  if  the  solution  in  water  be  appreci- 
ably alkaline  it  should  be  cautiously  neutralised  with  decinormal 
caustic  idkali  before  adding  the  sulphate  of  sodium.  Mr  Grimshaw 
finds  this  process  to  give  results  varying  from  close  agreement  to 
about  2  per  cent,  in  excess  of  those  obtained  from  the  same  samples 
by  distillation  with  phosphoric  acid.'^  The  results  are  not  vitiated 
by  the  presence  of  calcium  carbonate  or  other  insoluble  calcium 
compounds  in  the  sample. 

929.  R.  Fresenius  has  devised  a  method  for  the  assay  of  crude 
acetate  of  calcium,  the  details  of  which  are  as  follow  ; — 5  grammes 
of  the  sample  are  dissolved  in  water,  and  mixed  with  70  c.c  of 
normal  oxalic  acid.  The  liquid  is  then  diluted  with  water  to  250 
cc,  and  2'1  c.c,  extra  water  added  to  compensate  for  the  space 
occupied  by  the  precipitated  calcium  oxalate.  The  liquid  is  filtered, 
and  1 00  c.c.  of  the  filtrate  titrated  with  normal  alkali.  In  another 
volume  of  100  c.c,  the  excess  of  oxalic  acid  is  precipitated  with 
pure  calcium  acetate,  and  the  precipitate  filtered,  washed,  moistened 
with  sulphuric  acid,  and  weighed.  The  weight  of  CaSO^  so  ob- 
tained, multiplied  by  ■926S,  gives  the  amount  of  crystalliHed  oxalic 
acid  in  100  c.c  of  the  solution  (  =  2  grammes  of  the  sample).  By 
multiplying  this  result  by  "9523  (or  the  weight  of  CaSO^  at  once 
by  '882),  the  ecjuivalent  amount  of  acetic  acid  is  obtaineil,  and  by 
subtracting  this  figure  from  the  total  acidity  calculated  as  acetic 

'  Mr  Griraslmw  has  anggeatei!  the  following  process  aa  poaseBsing  many  of 
the  advaatsgea  of  both  tlie  sodium  salphate  and  the  diatillation  methods  of 
ossairiDg  acetate  of  lime.  He  treats  10  granimeB  of  the  sample  with  irater  aiid 
excess  of  "hisolphiitB  "  of  aodiam  (NaHSO,),  makes  np  the  Hqnid  to  a  known 
measure,  filters,  titrates  one  portion  of  the  flltTale  with  standard  nlkali.  and 
ersporales  aiv  eq^nal  meaBure  to  dryness.  The  residue  is  moist*neU  with  water, 
and  agaio  dried,  this  process  heingseveral  times  repeated.  The  resiiiiie  is  then 
dissolved  and  titrated  with  alkali,  when  tlie  difference  between  the  volume  now 
required  and  that  em]>loyed  for  neutralLsing  the  uoevapomted  liquid  will 
GorriBiUDd  to  the  acetic  acid  iu  the  Bolution  which  was  evaporated  to 
drynow-    Litmu*  pipet  ii  tlie  beat  indiutor. 
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ficid  (1  c.e.  of  normal  NaHU=-060  gramme  HCjHjUj,),  Lhi- 
Amount  of  actual  acotic  acid  is  foimd. 

930,  Cntcium  ocetjite  may  also  be  assayed  by  the  distillation 
process,  which  is  preferable  od  the  score  of  accuracy  and  being  more 
Btrictly  comparable  with  reaulte  likely  to  be  obtained  by  the  manuftc- 
turer,  but  it  is  commonly  regarded  as  too  tedious  a  method  for  genemt 
UHe.  This  objection  is  not  valid  if  the  manipulation  be  conducted 
in  the  foUowing  manner,  which  is  essentially  thut  communicated  to 
the  writer  by  Stillwell  and  Gladding,  and  an  improvement  on  their 
pablished  description  : — 1  grafamo  of  the  sample  of  acetate  of  lime 
is  placed  in  a  mu^l  long  necked  flask  or  retort,  of  a  capacity  not 
exceeding  100  c.e.,  and  rinsed  in  with  15  c.c.  of  water.  The 
neck  of  the  retort  is  inclined  slightly  upwards,  and  is  fitted  with  a 
rubber  cork,  through  which  passes  a  beut  tube  which  serves  as  the 
inner  tube  of  a  Liebig's  condenser.  The  retort  is  also  fitted  with 
a  tapped  funnel  through  which  is  introduced  a  solution  of  6 
grammes  of  glacial  phosphoric  acid  in  10  cc.  of  water.  This  lai^ 
excess  of  acid  dissolves  all  the  calcium  phosphate  to  a  clear  liquid. 
The  retort  is  then  heated,  and  the  process  continued  till  the 
contents  are  reduced  to  about  10  c.c,  when  25  cc.  of  water  should 
be  introduced  through  the  funnel  and  the  distillation  proceeded 
with  till  the  liquid  in  the  retort  is  again  reducei]  to  about  10  cc 
The  addition  of  water  and  re-distillation  are  repeat^id  three  or  fonr 
times,  when  the  liquid  coming  over  will  be  found  entirely  free 
from  acid  reaction.  The  acetic  acid  in  the  distillate  is  then  care- 
fully determined  by  titration  with  decinormal  caustic  soda  itnd 
phenol-phthalein,  each  cc  of  which  corresponds  to  0'006  gramme 
{  =  0'6  per  cent.)  of  acetic  acid  (OjHjOj)  in  the  sample.' 

The  phosphoric  acid  employed  for  the  distillation  must  be  free 
from  nitric  acid,  which  if  present  may  be  eliminated  by  adding  a 
little  ammonia,  and  heating  the  acid  to  fusion  in  platinum.  If 
either  the  phosphoric  acid  or  the  sample  itself  contain  chloridea, 
some  sulphate  of  silver  must  be  added  to  the  contents  of  the  retort 
Oxalic  acid  maybe  substituted  for  the  phosphoric  acid,  the  solution 

'  Stillwell  and  Glndding  collect  the  dintilUtu  in  a  qmnlit;  of  setui-nonnal 
soda  not  quite  sufficient  to  saturate  it,  then  add  enough  more  to  establiili  > 
bint  alkaline  reaction,  render  jost  acid  vrith  0'2  c.c.  of  utaiidud  bydroehloric 
aaid,  anil  then  Ixiil  Tar  itteen  seconds  to  expel  all  carbon  dioxide.  The  solo- 
tioa  is  then  brought  back  to  exact  Dcntrality  by  semi-normil  sodn,  tlte  total 
amount  of  which  nsed  (less  0*2  -c.c  correction  for  the  bydrocLloric  add) 
repreaents  the  acetic  acid  in  1  gramme  of  the  sumiile, 

Stillwell  and  Gladding  reeomaicnil  that  the  alkali  emjiloyed  for  the  titration 
uliould  bo  HtatidardiBed  ogaiuiit  pure  |iDtaKsiam  hydrogen  tartrate,  iuetCAd  of 
using  a  mineral  acid. 
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being  filtered  from  the  precipitated  calcium  oxalate  before  intro- 
duction into  the  retort.  Hydrochloric  acid  may  be  used  instead, 
provided  that  the  amount  which  passes  into  the  distillate  be 
estimated  and  subtracted  from  the  total  acidity  as  deduced  from 
the  titration.  Sulphuric  acid  should  not  be  used,  as  its  reaction 
on  the  tarry  matters  occasions  the  formation  of  sulphurous  acid, 
which  increases  the  acidity  of  the  distillate. 

931.  When  pure  calcium  acetate  is  assayed  by  either  of  the  fore- 
going methods  fairly  accurate  results  may  be  obtained,  but  when 
commercial  samples  are  examined  the  errors  sometimes  become 
very  serious.  On  the  whole,  the  method  of  distillation  with 
phosphoric  acid  is  the  most  accurate,  but,  unless  carefully  performed, 
the  results  are  liable  to  be  below  the  truth,  from  incomplete 
volatilisation  of  the  acetic  acid,  while  on  the  other  hand,  they  may 
be  excessive  if  nitric  or  other  volatile  acid  be  present  in  the 
phosphoric  acid  used.^ 

As  at  present  manufactured,  crude  acetate  of  lime  usually  con- 
tains from  62  to  67  per  cent,  of  calcium  acetate,  and  from  1  to  8 
per  cent,  of  insoluble  matter,  the  remainder  being  water,  soluble 
tarry  matters,  &c. 

932.  Magnesium  Acetate. — The  basic  acetate  of  mag- 
nesium has  been  recommended  as  an  antiseptic,  and  is  said  to  be 
met  with  in  commerce  under  the  name  of  "  sinodor." 


'  The  following  results,  obtained  some  years  ago  in  the  writer's  laboratory 
from  the  saine  sample  of  ''acetate  of  lime"  by  different  methods,  show  the 
nature  and  direction  of  the  errors  to  which  the  various  processes  are  liable  : — 

Acetic  Acid. 


By  distillation  with  H,P04,  and  titration  of  distillate, 
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By  Fresenius's  method  (see  par.  929), 
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By  ignition  and  weighing  the  CaCOs, 
and  titration  of  residue, 
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By  boiling  with  NagCOs,  and  titrating  filtrate, 
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Per  cent. 

47-4 
48*0 
48-6 
48-3 
48-4 
53-4 
63-2 
53-2 
53-2 
53-8 
54  0 
56*4 
56-4 
67-6 


Improvements  in  the  manufacture  of  acetate  of  lime  render  the  discrepancies 
resulting  from  the  employment  of  different  methods  of  assay  less  striking  than 
formerly. 
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933.  Alaminium  Acetate,  A]"'(CjH30.)y— This  salt  is 

employed  in  solutioti  by  tiilko-printt'rs,  lunler  tlie  name  of  "red- 
liquor."  It  18  usually  prefiareii  by  precipitating  a  solution  of  alum 
or  aluminium  sulphate  by  means  of  oalcium  or  lead  acet&te,  and 
filtering  or  syphoning  off  from  the  precipitated  calcium  or  load 
sulphate.  Wh«n  preparci!  by  means  of  alum,  the  product  neces- 
sarily coataina  sulphate  of  potassium  or  ammonium  (according  to 
the  kind  of  alum  need),  and,  aa  an  excess  of  the  precipitant  ahoold 
be  avoided,  aluminium  sulphate  is  always  lo  be  exjiected.  Owing 
to  sulphate  of  calcium  being  somewhat  soluble  in  water,  it  'will  be 
met  with  in  red-liquors  prepared  with  acetate  of  calciiim.  Such 
red-liquor  is  inferior  to  thiit  prepared  by  acetate  of  lead.  Good 
red-liquor  contains  from  3  to  5  per  cent,  of  alumina,  and  twice  that 
proportion  of  acetic  acid,  and  has  a  density  of  1'120,  but  it  ii 
sometimes  met  with  as  low  us  r087.  Carbonate  of  sodium  b 
often  added  to  red-liquor  to  neutralise  excess  of  acid. 

934.  Iron  Acetates. — Both  ferrous  and  ferric  acetates  are 
employed  in  the  orts.  A  crude  variety  of  iron  acetate  is  pxtensively 
manufactured  by  dissolving  iron  in  pyroUgneous  acid. 

935.  PmoLiGNiTE  OF  Iron,  Iron  Liquor,  or  Bl.acr  LiqtroB. 
— For  use  by  calico-printers,  a  liquid  consisting  chiefly  of  a  aoln- 
tion  of  ferrous  acetate,  but  always  containing  more  or  less  fanic 
acetate,  is  prepared  by  acting-  on  acraji-iron  by  crude  pyro%na- 
ous  acid  of  1'035  to  1"040  specific  gravity.  A  purified  a^d 
gives  less  aatisEuctoty  results.'  The  product,  whicii  is  a  deep 
black  liquid,  has  a  density  of  1-085  to  r090,  and  is  cofr 
uentrated  by  boiling  till  the  density  is  about  1"I20,  when  ft 
contains  about  10  per  cent,  of  iron.  It  is  then  ready  for  nse, 
and  is  known  as  "  p  r  i  n  t  e  r  s'  iron  liquor."  Much  iron 
liquor  is  now  made  of  a  density  as  high  aa  1*140.  For  use 
by  dyers,  the  liquid  is  not  concentrated  by  evaporation,  but  the 
density  is  raised  by  the  addition  of  ferrous  sulphate  (coppcraa),  hy 
which  a  more  suitable  product  is  said  to  be  obtained  than  is  yielded 
by  acetate  of  iron  alone.  As  a  5  ])er  cent,  solution  of  crystalliMd 
ferrous  sulphate  has  a  density  of  1"026,  the  addition  of  J  lb.  of 
copperas  to  tlie  gallon  of  "black  liquor"  will  raise  its  density 
from  1'086  to  I'lll.  As  much  as  124  grammes  of  ferrous  sul- 
phate per  litre  has  been  met  with  in  iron  liquor.     The  sidphate 


D  M,  Moyret  (Jmir.  Sue.  Dyers  and{Cotouni'le,  i.  117)  th» 
irou  exists  in  black  liiguor  both  in  the  ferroasaad  Ternc  conditions,  tho  iutsiwe 
colour  sud  keepinc  qualities  being  due  to  the  preaenco  of  a  snmll  quanlitj  of 
pyrocatechol,  C,Sj(OH)j,  which  is  a  constituent  of  pyroligneous  Mid  and 
forms  a  bbok  compound  with  ferroBO-ferrie  oxiJe. 
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may  also  result  from  the  addition  of  sulphuric  acid  to  the  pyro- 
ligneous  acid  employed  for  dissolving  the  scrap-iron.  Sxdphate  of 
iron  may  be  detected  and  estimated  by  precipitating  the  diluted 
black  liquor  with  barium  chloride.  233  parts  of  the  precipitate 
represent  278  parts  of  crystallised  ferrous  sulphate.  Black  liquor 
is  frequently  adulterated  with  common  salty  a  5  per  cent,  solution 
of  which  has  a  density  of  1*036.  It  may  be  detected  and  esti- 
mated by  adding  nitric  acid  and  precipitating  the  diluted  liquor 
with  nitrate  of  silver.  Chloride  of  iron  may  also  be  present  owing 
to  the  addition  of  hydrochloric  to  the  pyroligneous  acid.  Hence 
the  chlorine  must  not  be  assumed  to  exist  as  common  salt  without 
further  examination.  This  is  best  eflfected  by  heating  the  liquid 
with  nitric  acid,  adding  barium  nitrate  to  separate  the  sulphates, 
precipitating  the  iron  and  excess  of  barium  by  ammonia  and  am- 
monium  carbonate,  evaporating  the  filtrate  to  dryness,  and  igniting 
the  residue,  when  any  common  salt  will  remain.  Tannin  is  stated 
to  be  added  to  iron  liquor. 

Ferrous  Acbtatb  is  sometimes  made  by  decomposing  a  solu- 
tion of  ferrous  sulphate  by  calcium  acetate.  The  liquor  has 
usually  a  density  of  1*11,  and  contains  calcium  sulphate. 

Ferrio  Acetate  is  sometimes  preferred  by  dyers  and  printers 
to  the  ferrous  salt.  It  is  occasionally  prepared  by  decomposing 
iron-alum  or  ferric  sulphate  by  lead  acetate.  The  product  must  be 
free  from  excess  of  the  lead  salt,  and,  for  some  purposes,  excess  of 
ferric  sulphate  must  be  avoided. 

Tincture  of  Acetate  of  Iron  is  used  in  medicine.  It  is 
prepared  by  mixing  alcoholic  solutions  of  potassium  acetate  and 
ferric  sulphate,  and  filtering  from  the  precipitated  sulphate  of 
potassium. 

Lestd  Ac6tClt6S. — ^These  important  salts  include  the  neutral 
acetate,  Pb"(C2H302)2,  often  called  "sugar  of  lead,"  and  no 
fewer  than  four  basic-  or  oxy-acetates,  all  of  which  are 
more  or  less  soluble  in  water,  the  solutions  possessing  an  alkaline 
reaction  and  giving  a  precipitate  of  lead  carbonate  by  the  action  of 
carbonic  acid  gas.^  All  the  basic  acetates  may  be  considered  as 
compoimds  of  the  neutral  acetate  with  oxide  or  hydrate  of  lead. 
By  suspending  the  substance  in  water,  and  passing  carbonic  acid 
through  the  liquid  as  long  as  it  has  an  alkaline  reaction,  the  lead 
oxide  is  separated  as  an  insoluble  carbonate,  and  may  be  filtered 
oflf,  washed,  ignited  in  porcelain  (apart  from  the  filter)  till  bright 
yellow  when  cold,  and  weighed  as  PbO.     The  lead  remaining  in 

^  A  solution  of  neutral  lead  acetate  is  slightly  precipitated  by  carbonic 
acid. 
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Immanent  solution  exista  as  neutral  acetate,  and  may  be  deter- 
mined by  pre^i imitation  as  auJphate  or  clironiate. 

A  bettor  and  simpler  method  for  detecting  basic  acetate  in  a 
sampio  is  to  dissolve  it  in  recently-boiled  water,  filter,  and  tben  add 
to  tbo  clear  solution  on  equal  measure  of  a  1  per  cent,  solution  of 
mercuric  clilorido,  A  wbite  precipitate  proves  the  presence  of  bade 
acetate.'  The  nasay  may  also  be  conducted  by  method  d,  r,  ot  k 
of  paragraph  889. 

R.  Fresenins  recommends  the  following  indirect  method  for 
the  assay  of  pyrolignite  and  acetate  of  lead ; — 10  grammes  of  the 
sample  ore  dwsolved  in  water  ui  a  flask  holding  500  c.c,  60  cc.  of 
nonual  sulphuric  acid  are  added,  and  tben  water  up  to  tbe  mark. 
An  extra  I'S  c.c.  of  water  is  added  to  compensate  for  the  boUc  of 
the  precipitated  lead  sulphate.  The  flask  is  closed,  well  shaken,  and 
the  liquid  allowed  to  settle.  100  c.c.  of  the  clear  liquid  are  token 
out,  precipitated  with  barium  chloride,  and  the  resultant  BoSO^ 
collected,  washed,  ignited,  and  weighed.  Its  weight,  multiplied  by 
■4206,  b  subtracted  from  '588  grammes  (the  weight  of  HjSO^ 
added  to  each  100  ca  of  the  liquid).  The  remainder,  multiplied 
by  1 1 3-7,  gives  the  percentage  of  PbO  in  the  sample.  Another 
100  c.c.  of  the  clear  liquid  are  drawn  off  and  titrated  with  normal 
soda  solution,  using  litmus  as  an  indicator.  Multiply  the  number 
of  c.c.  of  alkali  uaed  by  '060,  subtract  from  this  the  previously 
obtained  weight  of  BaSO^  multiplied  by  bl5  (  =  the  free  sulphurio 
acid  expressed  in  terms  of  acetic  acid),  and  tbe  remainder,  multi- 
plied by  50,  will  he  the  percentage  of  acetic  acid  (CjH,Oj)  in  the 

Solution  of  Oxt-Acetatb  of  Lbad  is  an  official  remedy.  It  is 
described  in  the  British  Pharmacopceia  as  a  colourless  liquid  of  I'Sfi 
s]iecific  gravity,  alkaline  reaction  and  sweet  astringent  taete; 
becoming  turbid  on  exposure  to  air  ;  and  forming,  with  mucil^e  of 
gum  arable,  a  white  opaque  jelly.  A  dilute  solution  ia  offictidly 
prepared  by  mixing  the  above  with  an  equal  measure  of  alcohol, 
and  then  adding  enough  water  to  make  up  80  times  tbe  original 
measure.  Solution  of  oxy-acetato  of  lead  is  prepared  by  boiling 
10  parts  of  neutral  acetate  with  7  of  flnely-powdered  litharge  and 
40  of  water.  After  boiling  for  half  an  hour,  the  liquid  is  filtered 
and  mode  up  to  the  original  bulk  with  water  (see  footnote  on  p.  201), 

Cupric  AcetSites,- — Several  of  these  salts  are  known  and 

'  Besides  tbcir  reactiona  with  mercuric  chloride,  carlioDic  acid,  and  litroiu; 
the  basic  acoUlea  of  lead  are  distingniabed  from  the  neutral  acetst«  by 
their  property  of  being  precEpiloted  by  a  strong  aolution  o(  nitre  added 
in  exceai.  Tho  precipitate  appears  to  be  an  ortho-nitrate  of  lead. 
Pb,"(NO.)'",, 
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extensively  used  in  the  arts.  They  are  prepared  by  the  action  of 
acetic  acid  on  oxide  or  carbonate  of  copper,  or  upon  metallic  copper 
with  access  of  air.  The  neutral  acetate  is  freely  soluble  in  water, 
but  several  basic  acetates  exist.  They  are  of  various  shades  of 
colour,  and  constitute  the  bodies  known  as  blue  and  green 
verdigris, 

Yebdiqris  of  good  quality  is  dry,  soluble  in  dilute  acetic  or 
sulphuric  acid,  and  also  in  ammonia.  Verdigris  should  not  contain 
more  than  4  per  cent,  of  impurities.  A  good  sample  has  the  fol- 
lowing percentage  composition  : — cupric  oxide,  43*5  ;  acetic  anhy- 
dride, 29*3 ;  water,  25*2  ;  and  impurities,  2*0. 

Verdigris  is  frequently  adulterated.  Sand,  clay,  pumice,  and 
chalk ;  sidphates  of  barium,  calcium,  and  copper ;  and  salts  of  iron 
and  zinc  are  sometimes  present.  The  presence  of  zinc  in  verdigris 
is  due  to  the  use  of  sheets  of  brass  instead  of  copper  for  corrosion 
by  acetic  acid. 

On  dissolving  the  sample  in  dilute  hydrochloric  acid,  any  sand, 
dat/f  pumice,  or  sidphate  of  barium  will  be  left  insoluble,  and  may 
be  collected  and  weighed.  (About  3  per  cent,  of  insoluble  matter 
is  allowable  in  verdigris.  If  the  residue  amount  to  6  per  cent,  the 
sample  is  inferior.  Sulphate  of  calcium,,  if  present  in  large  propor- 
tion, may  be  left  partially  in  the  insoluble  residue.)  If  the  sample 
effervesced  on  addition  of  acid,  a  carhonaie  is  present,  though  it 
may  be  that  of  copper.  From  a  measured  portion  of  the  solution 
in  acid  the  stdpJuUes  may  be  precipitated  by  barium  chloride,  and 
the  BaSO^  collected  and  weighed. 

For  the  detection  of  the  metals,  the  sample  should  be  ignited, 
the  residue  dissolved  in  hydrochloric  acid,  and  the  copper  precipi- 
tated from  the  diluted  liquid  by  a  current  of  sulphuretted  hydrogen. 
In  the  filtrate,  the  excess  of  sulphuretted  hydrogen  is  destroyed  by 
bromine  water,  the  liquid  nearly  neutralised  by  ammonia,  and  then 
boiled  with  ammonium  acetate.  The  precipitate,  when  washed  and 
ignited,  leaves  the  iron  as  FcjOg.  The  filtrate  from  the  iron  pre- 
cipitate is  treated  with  sulphuretted  hydrogen,  and  any  white 
sulphide  of  zinc  filtered  off,  carefully  roasted,  and  weighed  as  ZnO. 
From  the  filtrate,  the  calcium  is  precipitated  by  ammonium  oxalate. 
The  precipitate  yields  calcium  carbonate  on  gentle  ignition,  the 
weight  being  equal  to  the  cJialk  in  the  quantity  of  the  sample 
taken.  The  calcium  may  be  determined  more  readily,  but  less 
accurately,  by  dissolving  the  sample  in  hydrochloric  acid,  precipi- 
tating the  iron  by  bromine  and  ammonia,  and  then  at  once  treating 
the  blue  ammoniacal  filtrate  with  ammonium  oxalate.  Of  course, 
it  does  not  follow  that  all  the  calcium  found  exists  as  chalk,  unless 
sulphates  are  absent. 
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936.  HOMOLOGUES  OF  ACETIC  ACID.     Lower  ^ 

Patty  Acids. 

Atetiu  aciJ  is  tlic  moat  iiujiortant  and  best  kccuvn  of  the  hoinci- 
logous  series  called  "  the  fatty  adida."  These  acids  have  the 
general  foramla  CnHjnO, ;  CnHjn_-,0,OH ;  or  CnHjn+i'COOH. 
The  lower  memhera  of  the  series  are  Tolatile  liquids  closely  re- 
sembling acetic  acid.  The  higher  members  of  the  series  are  insot- 
iible  ill  water,  not  volatile  without  decomposition,  and  solid  at  ordi- 
nary temperatures.  The  fatty  acid  aeries  ia  known  incompletolf 
up  t<i  an  acid  with  30  ntoma  of  carbon,  but  the  greater  number  of 
the  menil)ers  are  of  very  limited  importance,  and  the  recognition  of 
the  majority  of  tbera  by  reagents  is  at  present  impossible. 

937.  The  higher  members  of  the  fatty  acid  series  are  almost 
exclusively  obtained  by  the  saponification  of  the  fised  oils,  fats, 
and  waxes,  and  hence  such  of  them  as  require  description  will  be 
oonveniently  considered  in  the  section  of  tliis  work  treating  of  the 
products  of  saponification  of  such  bodies.  This  article  is  therefore 
limited  to  a  consideration  of  such  of  the  lower  members  of  the 
aeries  us  are  sensibly  volatile  or  soluble  in  water,  and  hence  liable 
to  occur  under  the  same  circumBtances  as  acetic  acid. 

938.  With  the  exception  of  the  firet  three,  all  the  members  of 
the  acetic  series  of  acids  are  capable  of  isomeric  modification.  The 
number  of  such  modifications  capable  of  existing  increases  mpidly 
with  the  number  of  carbon  atoms  in  the  molecules,  ajid  many  gueh 
bodies  have  been  actually  obtained.  As  far  as  is  known,  howsver, 
;dl  the  acids  of  the  acetic  serii's  obtainable  from  natural  sources  are 
either  the  normalprimary  acids  or  the  iso-primary 
acids.  Such  secondary  and  tertiary  acids  as  are  known  have 
hitherto  obtained  solely  by  synthetical  means,  and  their 
Btion  lies  beyond  the  scope  of  the  present  work. 

939.  The  following  table  gives  the  names  of  the  normal 
iso-acids  of  the  acetic  series  up  to  the  member  with  seven 
carbon  atoms.  Above  caproic  acid  the  modifications  have  faw 
very  imperfectly  differentiated.  A  table  of  the  still  higher  men 
hers  of  the  series  will  be  given  in  the  section  on  "  Saponification.' 

From  this  table  it  will  lie  obsen'ed  that  the  boiling  points  <rf 
the  normal  fatty  acids  show  a  tolerably  regular  rise  of  1 8°  to  22°  G. 
for  each  increment  of  CHj  kidded  to  the  formula.  The  iso-ocid  in 
each  case  boils  at  a  lower  temperature  than  the  normal  acid,  and 
has  also  a  lower  density.  The  specific  gravity  and  solubility  of 
the  fatty  acids,  as  also  the  solubility  of  many  of  their  metallic 
decrease  with  an  increase  in  the  molecular  weight  The  ethers  of 
the  fatty  acids  similarly  diminish  in  solubility  and  volatility  with 
e  in  the  number  of  carbon  atoms. 
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Empirical 
FormiiU. 


Name. 


CH,0, 

C3H4O2 
C,H,0, 

C4HeO, 


C*H,«0, 

C,H„Oj 
CtH„0, 


Formic  acid. 

Acetic  add. 

Propionic  add,  . 
(formal  butyric  add . 
•<  iBO-bntyric  acid ;    or  ) 
(    dlmetliacetic  add,  > 
/formal     pentdc   orf 
I   yalericacid,  .j' 

•<  Iso-pentoic  add;ordl-) 
I  nary  valeric  add;  or, ^ 
V,  lao-propacetic  add,  .) 

(Normal  caproic  add,  >• 
Iso-caproic  add, 
(Normal     oenanthylic ) 
-j  add, .       .  .  f 

(l8o-<£nanthyllc  acid, . 


Constitutional  Formula. 


HCOOH 

CHj-COOH 

CH,CH,-COOH 

CH,(CH2)2C00H 

CH(CH,)2C00H 
CH,(CH2)8COOH 

CH(CH5),-CH2-COOH 

CH,-(CH^4C00H 

CH(CH3)2(CH5)jCoon ; 

CH3(CH2)aCOOH 
CH(CH,)j-(CHj)8-C00H 


Boiling 
Point 

•c. 

fSpedflcj 
Gravity 
at0"C. 

100 

119 

140 

163     ... 

1016 
•9817     ... 

...     154 

...     -9598 

185     ... 

•9577     ... 

...     175 

...     -9536 

I  206     ... 

•9450     ... 

,    ...     199 

...     -9310 

1  224     ... 

•9346      ... 

1    ...     213 

... 

SoInbiUty 

in 

Water. 


(Miaciblein 
•<  all  pro- 
(  portions. 

Do. 

Do. 

Do. 

Soluble. 

(Sparingly 
t(lin80) 

Do. 

( Nearly  in- 
(  soluble. 

Do. 
(Almost  in- 
(  soluble. 
Do. 


940.  As  a  rule,  the  iso-acids  present  very  close  resemblances  to 
the  corresponding  normal  acids,  their  lower  densities  and  boiling 
points  and  greater  susceptibility  to  oxidation  being  the  most 
tangible  distinctions.  In  some  cases,  differences  are  observable  in 
the  solubility  and  crystallisability  of  the  salts. 

941.  As  a  class,  the  lower  member  of  the  acetic  acid  series  mav 
be  separated  from  most  other  organic  acids  (except  lactic  acid),  by 
treating  the  aqueous  solution  with  finely-groimd  oxide  of  lead,  in 
quantity  sufficient  to  render  it  slightly  alkaline.  On  filtering,  the 
lead  salts  of  most  organic  acids  wUl  be  left  insoluble,  while  those 
of  the  acetic  series  will  be  found  in  the  filtrate. 

The  separation  of  the  lower  acids  of  the  acetic  series  from  each 
other  cannot  usually  be  eflfected  very  readily  or  perfectly,  the 
most  satisfactory  methods  being  based  on  the  following  princi- 
ples : — 

a.  The  lowest  members  of  the  series  are  the  most  readily  soluble 
in  aqueous  liquids,  formic,  acetic,  propionic,  and  normal  butyric  acid 
being  soluble  in  all  proportions.  All  but  formic  and  acetic  acids 
are  separated  from  their  aqueous  solutions  by  saturating  the  liquid 
with  calcium  chloride,  when  they  rise  in  the  form  of  oils.  A  more 
perfect  separation  from  acetic  and  formic  acids  of  the  acids  higher 
than  valeric  may  be  eflfected  by  shaking  the  acidulated  aqueous 
solution  with  ether,  which  dissolves  the  higher  homologues  together 
with  more  or  less  of  the  lower.  On  agitating  the  ethereal  layer 
with  a  strong  solution  of  calcium  chloride  the  formic  and  acetic 
acid  pass  into  the  latter,  and  by  repeating  the  treatment  may  be 
perfectly  removed  from  the  ether,  with  little  or  no  loss  of  the 
higher  homologues. 
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b.  The  lower  members  of  the  series  are  most  chemically  active 
Hence,  if  an  amount  of  alkali  insufficient  for  complete  neutralisa- 
tion be  added  to  a  solution  containing  the  free  acids,  and  the  liquid 
be  then  distilled,  the  higher  members  of  the  series  pass  over  in  the 
free  state,  while  the  lower  members  remain  behind  as  fixed  salts. 

Thus  if  caustic  soda  be  added  to  a  mixture  of  butyric  and  valeric 
acids  in  quantity  insufficient  to  neutralise  the  whole,  and  the  liquid 
be  then  distilled,  the  distillate  will  consist  of  pure  valeric  acid  and 
the  residue  will  contain  mixed  butyrate  and  valerate  of  sodium ; 
or  else  the  distillate  will  contain  the  whole  of  the  valeric  acid  and 
some  butyric  acid,  and  the  residue  will  consist  entirely  of  butyrate 
of  sodium.  In  either  case,  a  portion  of  one  of  the  acids  is  obtained 
free  from  the  other.  In  the  first  case  the  residue  of  mixed  valerate 
and  butyrate  of  sodium  may  be  treated  with  sufficient  dilute  sul- 
phuric acid  to  neutralise  one-half  of  the  soda  originally  used,  and 
the  mixture  redistilled,  when  a  fresh  quantity  of  valeric  acid  will 
be  obtained,  either  pure  or  mixed  with  butyric  acid  according  to 
the  relative  proportions  of  the  two  acids  present  in  the  original 
mixture.  In  the  latter  case,  by  partially  neutralising  the  distillate 
with  soda,  and  again  distiUing,  a  further  separation  may  be  effected, 
and  by  repeating  the  operation  in  a  judicious  manner  two  or  even 
more  of  these  volatile  fatty  acids  may  be  separated  tolerably  per- 
fectly from  each  other. 

Although  the  foregoing  method  is  weU  suited  to  the  separation 
of  normal  butyric  and  valeric  acids,  the  principle  is  wholly  at  fault 
when  iso-valeric  acid  is  in  question,  for  this  acid  completely  de- 
composes normal  butyrates. 

c.  An  approximate  separation  of  the  homologues  higher  than 
valeric  acid  can  be  effected  by  a  fractional  crystallisation  of  their 
barium  salts.  The  following  is  the  order  in  which  the  barium 
salts  are  deposited  -} — 


From  Aqueous  Solutions. 

1.  Barium  caprate. 

2.  , ,  pelargonate. 

3.  ,,  caprylate. 

4.  ,,  oeniiiithylate. 

5.  ,,  caproate. 


From  Alcoholic  Solutions. 

1.  Barium  caprylate. 

2.  ,,        oenan  thy  late. 

3.  , ,        pelargonate  and 

caprate. 

4.  , ,        caproate. 


The  aqueous  or  alcoholic  solution  of  the  acid  is  neutralised  with 
standard  aqueous  or  alcoholic  solution  of  potash  (according  as  the 
crystallisation  is  to  be  efifected  from  an  aqueous  or  alcoholic  solu- 

^  It  is  very  probable  that  this  method  would  be  much  affected  by  a  change 
in  the  modifications  of  the  acids.  The  normal  and  iso-varieties  of  the  higher 
fatty  acids  are  not  at  present  thoroughly  differentiated. 
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tion),  an  amount  of  barium  cMoride  equivalent  to  the  potash  is 
next  added,  and  the  lesultaut  liquid  evaporated  and  allowed  to 
deposit  ciyetals.  The  crops  of  ciystala  from  an  aqueous  solutioa 
may  be  washed  with  hot  alcohol,  the  wadiings  cont^ning  the  saltiB 
in  the  reverse  order  of  their  deposition  from  alcoholic  solution. 

d.  Another  method  of  detecting  and  estimating  acids  of  the 
acetic  series  when  in  admixture  with  each  other  is  based  on  the 
different  composition  of  their  barium  salts,  the  process  being  as 
follows ; — The  free  acids  obtained  hj  distillation  are  saturated  b; 
carbonate  of  barium,  or  by  the  cautious  addition  of  baryta  wat^ 
(using  phenol-phthalein  to  indicate  the  point  of  neutrality), — the 
latter  method  being  preferable  for  the  higher  numbers  of  tlie 
series.  In  this  way,  neutral  barium  salts  are  formed,  which  may 
be  obtained  in  the  anhydrous  state  by  evaporating  off  the  water 
and  drying  the  residue  at  130°  G.  The^e  barium  salts  contain 
percentages  of  barinin  dependent  on  the  atomic  weights  of  the 
fatty  acids  present.  On  moistening  the  residue  with  sulphuric 
acid  and  then  igniting,  an  amount  of  barium  sulphate  is  obtained 
proportional  to  the  percentage  of  barium  contained  in  the  salt  of 
the  fatty  acid  present.  Instead  of  weighing  the  barium  sulphate, 
a  standard  solution  of  batyta  water  may  be  employed  and  the 
weight  of  barium  (or  its  equivalent  of  BaSO^)  calculated  from  the 
volume  of  solution  employed.  This  method  also  serves  as  a  useful 
check  on  the  determination  of  the  weight  of  barium  sulphate.  The 
following  table  abowa  the  proportions  of  Ba  contained  in,  and  of 
BaSO^  producible  from,  the  barium  salts  of  the  lower  acids  of  the 
acetic  series : — 


k™..,^ 

p™,.^^™. 

»,„„.. 

a.SO„perc«il. 

Buiom  formate,   . 

B.,2CH0, 

70  25 

119'47 

,,      acetate,     . 

B».2C,H,0, 

63 

73 

91-37 

,,       butjrata, . 

B^20H0 

48 

41 

82-18 

Ba,2C.H,0, 

06 

74-91 

„      VBlerate,  . 

tt.,2C:H0 

40 

41 

88-73 

,,      caprnate,  . 

BH2C.H„0, 

37 

33 

63-48 

,,      cenanthylttte     . 

B.,2C,H„0, 

34 

68 

58  98 

„      caprykte, 

Bb,2C!^H.A 

32 

39 

fi5-08 

Ba,2C,H,A 

30 

3S 

61-66 

28'flO 

4S-64 

From  this  table  it  will  be  seen  that  the  pure  barium  salts  of 
the  lower  acids  of  the  acetic  series  can  veiy  readily  be  distinguished 
from  each  other  by  estimating  the  percentage  of  barium  contained 
in  them.     In  the  case  of  mixtures  of  two  acids  the  identity  of 


N 
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which  is  established,  the  proportions  in  which  the  two  are  present 
may  be  calculated  from  the  following  formula,  in  which  x  is  the 
percentage  of  barium  salt  of  the  lower  fatty  acid  in  the  mixed 
barium  salts  obtained ;  P,  the  percentage  of  BaSO^  yielded  by  the 
mixed  barium  salts  on  treatment  with  sulphuric  acid ;  B,  the 
percentage  of  BaSO^  theoretically  obtainable  from  the  pure  salt  of 
the  lower  fatty  acid  j  and  ft,  the  percentage  of  BaS04  theoretically 
obtainable  from  the  pure  salt  of  the  higher  fatty  acid.     Then : — 

Ba;=100P+6«-100&. 

For  example  : — suppose  a  mixed  barium  salt  known  or  assimied 
to  consist  of  acetate  and  valerate  to  have  yielded  78*45  per  cent, 
of  BaSO^,  when  treated  with  sulphuric  acid  and  ignited.  Then, 
by  the  above  formula, 

91-37a;  =  7845  +  6873a;-6873 
therefore  22-64ic=972 

and  a;  =  42*93. 

Hence,  the  mixed  barium  salt  consisted  of  42 '93  of  barium  acetate, 
and  57*07  of  barium  valerate.  From  these  data,  and  the  weight 
of  mixed  barium  salt  found,  the  actual  amounts  of  acetic  and 
valeric  acid  may  be  readily  calculated. 

The  above  method  has  been  proposed  by  A.  Dupr6  (Analygf,  i 
4)  for  approximately  determining  the  fusel  oil  in  spirits.  In  this 
case  the  various  alcohols  are  first  converted  into  the  corresponding 
acids  by  oxidation  with  chromic  acid  mixture  (see  par.  273). 

e.  A  most  ingenious  method  of  detecting  other  fatty  acids  in 
presence  of  acetic  acid,  and  estimating  the  proportions  present, 
has  been  described  by  M.  Duclaiix  (Ann.  Chefni.  Phys,  [5]  ii.  233). 
It  is  based  primarily  on  the  curious  fact  that  if  a  liquid  containing 
any  fatty  acid  be  distilled,  each  successive  fraction  of  the  distillate 
contains  a  proportion  of  the  total  acid  operated  on  which  is 
practically  constant  for  the  same  fraction,  but  will  vary  according 
to  the  nature  of  the  acid  employed.  Thus  M.  Duclaux  found  that 
if  110  c.c.  of  a  liquid  containing  acetic  acid  were  distilled  in  a 
retort  of  250  to  300  c.c.  capacity,  each  succeeding  10  c.c.  of  dis- 
tillate contained  an  increasing  quantity  of  acid,  which  amounted  to 
79*8  per  cent,  of  the  whole  when  100  c.c.  had  passed  over.  Each 
of  the  homologues  of  acetic  acid  has  a  special  rate  of  vaporisation, 
and  it  is  a  curious  fact  that  the  less  volatile  acids  pass  over  with 
the  first  portions  of  aqueous  vapour,  while  acetic  and  formic  acids 
behave  in  an  opposite  manner.^ 

*  The  following  table  gives  M.  Duclaux's  results  in  a  concise  form.     The 
columns  headed  "  B."  show  the  percentages  of  the  total  acid  contained  in  each 
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The  presence  of  foreign  matters  has  a  sensible,  but  not  very 
«rious  effect  on  the  rate  of  distillation.     Alcohol  diminishes  the 


I.e.  of  diatiUata,  when  110  c.c.  of  the  lii^aid  were  distiUeii  in  a 
retort  holding  250  to  300  o.c.  The  colanuiB  headed  "A."  show  the  percentages 
of  the  total  distilled  acid  which  passed  over  in  each  10  c.c.  when  the  100  c.c. 
first  obtained  was  redistilled.  The  detenoinations  of  acid  in  the  distillate 
ware  made  by  standaul  lima  water  i — 


Foniile. 

AcaUc. 

Fiopignle. 

BntjTle. 

VilBric. 

A. 

B. 

A. 

B. 

A.        B. 

A. 

b. 

A. 

i.. 

litlnnliinDriDi'.F.  . 

iBi       „ 

Snl      „ 

^  ;;     :: 

«h     „ 

11 

11 
iSfl 

™6 

s 

i 

SCI-B 

8-1 

i 

si 

ss 

lO'B 

1 

'i 
II 

il 
1 

P=r 

1 

S-1 

i! 

S 

1S4 

1 

It  appears  from  this  table  that  when  a  solution  of  acetic  or  formic  acid  is 
distilled,  the  firat  portions  which  come  over  are  very  weak,  and  that  the 
strength  of  the  distillate  rises  regularly  till  the  end  of  the  operation.  On  the 
other  hand,  propionic,  butyric,  and  Tsleric  acids  come  over  chiefly  at  the 
eonunencement  of  the  process. 

When  two  or  more  of  these  acids  are  present  together  in  a  liquid,  each 
matntains  its  own  characteristics  when  the  distillatioa  is  carried  out  as 
described.  Henco,  not  merely  the  nature  but  the  quantities  of  the  acids 
present  may  be  ascertained  by  calculstiou — at  least  in  certain  cases.  Thus, 
■oppose  the  numbers  obtained  for  the  "  B"  column  b;  the  distillation  of  a 
certain  liquid  to  have  been  as  follow :— 8-8,  87,  87,  87,  8'8,  87,  8-fl,  B'l, 
9  7,  10'3  per  cent  These  results  may  safely  be  presumed  to  bo  ptodnced  by  a 
mixture  of  acetic  acid  with  either  butyric  or  propionic  acid.  Assume  the 
miitnre  to  consist  of  a  equivalents  of  acetic  and  p  equivalents  of  propionic 
acid ;  then,  by  the  table,  we  have  for  the  let  fraction  of  10  c.c.^ 
8-6{a-¥p)-5-ia  +  lO-5p 


Proceeding  in  the  same  way  with  the  percentages  of  acid  found  in  the 
sncceeding  fractions  of  distillate,  we  obtain  the  following  series  of  numbets  ;— 
1-1,  1-0,  i-0,  1-0,  I'O,  1*0,  1-0,  1-0,  II.  Hence  the  amount  of  propionic  acid 
is  tiie  Mune,  or  slightly  in  excess,  in  equivalents,  of  the  acstic.     For  yarioDs 


A 
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proportion  of  acid  in  the  first  portions  of  the  distillate,  but  by  the 
time  -{^ths  has  distilled  the  proportion  of  acid  in  the  receiver  is 

reasons,  the  inferences  to  be  drawn  from  the  first  and  last  fractions  are  the 
least  trostworthy.  But  suppose  the  mixture  were  one  of  acetic  and  butyric 
acids ;  then, 

8-6(a+6)-5-9a+16-46 
.-.  h  -3-2. 

Proceeding  similarly  with  the  other  fractions,  we  obtain  the  following  series 
of  numbers :— 3-1,  3*0,  2*8,  2*6,  2'6,  2*2,  2*1,  1*6,  1*3.  Thus  we  have  ten 
estimations  of  the  butyric  acid,  in  which  its  equivalent  amount  varies  from  8*2 
to  1  '3  times  the  acetic  acid  present.  The  variation  in  these  determinations 
renders  the  assumption  of  the  second  acid  being  butyric  acid  absurd.  Hence, 
the  two  acids  were  acetic  and  propionic  in  about  equivalent  proportions. 

In  the  original  paper,  M.  Duclaux  gives  a  number  of  tables  which  materially 
facilitate  calculation. 

In  applying  the  method  to  the  examination  of  wines,  Duclaux  recommends 
the  following  mode  of  procedure : — 

275  c.c.  (— 25  X 11),  or  a  multiple  of  this  quantity  are  shaken,  and  a  current 
of  air  passed  through  the  liquid,  in  order  to  remove  carbon  dioxide.  The  wine 
is  then  distilled  till  250  c.c.  have  passed  over,  and  the  distiUate,  after  again 
drawing  air  through  it,  is  titrated  with  standard  lime  water.  An  excess  of  the 
latter  is  then  added,  and  the  liquid  is  evaporated  to  about  250  c.c.  in  order  to 
volatilise  the  alcohoL  A  gramme  of  glycerin  is  then  added,  and  sufficient 
tartaric  acid  to  set  all  the  volatile  acids  at  liberty.  The  calcium  tartrate  is 
allowed  to  crystallise,  and  is  then  separated  from  the  liquor,  the  volume 
of  which  is  again  brought  to  275  c.c.  About  1  gramme  of  tartaric  acid 
is  now  added,  and  the  liquid  distilled  till  250  c.c.  have  passed  over,  when 
the  whole  distillate  is  again  titrated.  The  lime  water  now  required  will 
bear  the  same  proportion  to  that  used  for  the  first  titration,  that  the  amount 
of  volatile  acid  indicated  by  the  first  titration  bears  to  the  total  quantity  present 
in  the  wine.  The  titrated  liquid  is  now  brought  to  165  c.c,  and  150  cc.  dis- 
tilled over,  after  adding  an  amount  of  tartaric  acid  exactly  equivalent  to. the 
lime  water  used  in  the  titration.  50  c.  c.  of  the  distillate  are  titrated,  while 
the  remainder  is  diluted  to  110  cc,  and  100  cc.  distilled  over  each  fraction 
of  10  cc.  being  separately  titrated.  The  numbers  thus  obtained  give  the 
necessary  data  for  ascertaining  the  nature  and  amount  of  the  volatile  acids 
present. 

The  following  example  indicates  the  mode  of  calculation: — 275  c.c  of  wine 
were  taken  and  distilled  to  ^.  250  cc  of  distillate  required  316  cc  of  lime 
water.  On  adding  tartaric  acid  and  distilling  over  f  {,  the  distillate  required 
263  cc  of  lime  water.  Hence  83*3  per  cent,  of  the  total  acid  passed  over  on 
distilling  to  3^,  and,  assuming  the  same  proportion  in  the  first  distillation,  the 

free  acid  in  the  original  wine  would  have  required  -—  of  316  —  379  cc  of  lime 

water  for  its  neutralisation.  On  referring  to  the  table  on  page  409,  it  will  be 
seen  that,  when  a  liquid  containing  acetic  acid  is  distilled  to  tV  ^^  its  bulk, 
about  80  per  cent,  of  the  acid  passes  over,  while  93  per  cent  of  the  propionic 
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the  same  as  in  the  absence  of  alcohol  Glycerin  diminishes 
slightly  the  proportion  of  acid  volatilised,  doubtless  owing  to  the 
formation  of  a  glycylic  ether,  but  the  eflfect  can  be  destroyed  by 
adding  tartaric  acid  to  the  contents  of  the  retort 

The  writer  has  no  personal  experience  of  Duclaux's  process, 
beyond  an  attempt  to  apply  it  to  the  assay  of  commercial  "  acetate 
of  lime."  The  salt  was  dissolved  in  water,  oxalic  acid  added,  and 
the  calcium  oxalate  filtered  off.  On  distilling  the  filtrate  to  -^,  a 
tolerably  constant  proportion  of  acetic  acid  passed  over,  but  it  was 
considerably  below  79*8  per  cent,  of  the  total  quantity  present  in 
the  sample. 

acid  distils  under  similar  circnmstances.  On  repeating  the  process,  80  and  98 
per  cent,  of  these  amounts  will  be  respectively  obtained.     Hence  the  third  and 

last  distillate  will  contain   ,1^^ ""  f^^ ""  ,1^^  -  J^ —  51  '2  per  cent  of  the  total 

100x100x100      1000  *^ 

93  X  93  X  93 

acetic  acid  present  in  the  wine,  and     —-—80*4  per  cent  of  the 

^  100x100x100  *^ 

total  propionic  acid.     Thus  if  the  titration  of  the  fractions  obtained  in  the 

third  distillation  showed  acetic  and  propionic  acid  to  be  present  in  equivalent 

proportions,  the  equivalent  amounts  of  these  acids  present  in  the  original  wine 

would  be  as  804  to  612,  or  as  100  equivalents  of  acetic  to  637  of  propionic  acid. 

Thus  of  379  C.C.  of  lime  water,  required  by  the  volatile  acids  in  276  cc.  of  the 

original  wine,  — —  of  that  quantity,  or  231  cc,  were  neutralised  by  acetic  acid, 
164 

and  the  remaining  148  cc.  by  propionic  acid.     From  the  strength  of  the  lime 

water  and  the  atomic  weights  of  acetic  and  propionic  acids,  the  actual  amounts 

of  fatty  acids  present  can  be  readily  calculated. 

By  this  method,  Duclaux  proved  the  presence  of  valeric  acid  in  perspiration 
and  of  butyric  acid  in  bread.  He  also  found  that  the  presence  of  butyric  acid 
was  characteristic  of  wine  suffering  from  '^bitterness,"  and  propionic  acid  of 
wine  in  which  the  fermentation  had  been  *' pushed"  too  far. 

The  largest  quantity  of  valeric  acid  found  in  wine  by  Duclaux  was  '006 
grammes  per  litre.  For  its  discovery,  7  or  8  litres  must  be  distilled  as  already 
described,  the  distillate  neutralised  with  lime,  and  then  ^  of  the  sulphuric 
acid  necessary  to  decompose  the  calcium  salts  added.  On  redistillation,  the 
whole  of  the  valeric  acid  passes  over,  while  39  equivalents  out  of  every  40  of 
the  fatty  acids  present  remain  in  the  retort. 

In  Duclauz's  process,  standard  baryta  water  might  probably  be  advantage- 
ously substituted  for  the  lime  water,  and  standard  sulphuric  acid  for  the 
tartaric  acid  recommended  (except  where  about  1  gramme  of  tartaric  acid  is 
directed  to  be  added  to  represent  the  acidity  of  the  original  wine).  This 
modification  would  allow  the  sulphate  of  barium  to  be  filtered  off  immediately 
instead  of  having  to  wait  for  the  calcium  tartrate  to  crystallise.  In  the  last 
titrations,  the  use  of  baryta  water  would  cause  the  acids  to  be  obtained  in  the 
form  of  barium  salts,  which  could  be  dried  at  130°  C,  weighed,  and  converted 
into  BaSO^,  as  described  in  method  d,  i)ago  407.  A  very  useful  check  would 
thus  be  obtained. 
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942.  Formic  Acid. 

CH202  =  H,CH02=  2  }^={cO.OH. 
Fonnic  acid  is  contained  in  the  liquid  obtained  by  distilling  ants 
with  water.  The  stings  of  bees  and  wasps,  as  also  of  stinging 
nettles  and  hairy  caterpillars,  owe  their  irritating  power  to  formic 
acid.  It  is  usually  prepared  by  distilling  oxalic  acid  with  glycerin. 
It  also  results  from  the  decomposition  of  chloroform  or  chloral  by 
an  alkali,  by  the  reaction  of  carbon  monoxide  and  caustic  alkalies, 
and  by  the  reaction  of  cyanogen  gas  or  cyanides  with  water,  besides 
numerous  other  reactions. 

943.  Formic  acid  is  a  colourless  volatile  liquid,  of  extremely 
irritating  pungent  odour.  Absolute  formic  acid  has  a  density  of 
1-2211  at  20"  C,  and  boils  at  100^  Formic  acid  has  a  penetratr 
ing  smell,  and  purely  acid  taste.  When  concentrated,  it  produces 
intense  irritation  on  the  skin. 

In  general  properties,  formic  acid  strongly  resembles  acetic  acid,  but 
it  is  stronger  in  its  chemical  affinities,  and  more  readily  oxidised. 

944.  The  formates  mostly  crystallise  well  and  are  all  soluble  in 
water.  Heated  with  concentrated  sulphuric  acid  they  do  not 
blacken,  but  evolve  pure  carbon  monoxide,  as  an  inflammable  gas 
burning  with  a  blue  flame.  A  neutral  solution  of  a  formate  of 
alkali-metal  gives  the  following  reactions  : — 

a.  Nitrate  of  silver  gives,  in  concentrated  solutions,  white 
crystalline  argentic  formate,  AgCHOg,  which  darkens  on 
standing,  and  is  reduced  to  metallic  silver  when  warmed.  If  the 
liquid  be  too  dilute  to  allow  of  a  precipitate  being  formed,  the 
reduction  to  metallic  silver  still  occurs  on  heating,  a  mirror 
being  frequently  formed  on  the  sides  of  the  tube.  In  presence  of 
ammonia  the  reduction  is  retarded  or  prevented. 

h.  Mercuric  chloride  is  reduced  on  heating,  with  production  of 
white  mercurous  chloride,  or  grey  metallic  mercury,  according  to 
the  proportion  of  formate  present.  Acetates  do  not  give  this  re- 
action, but  acetates  and  chlorides  of  alkali-metals  retard  or  prevent 
the  reduction.  The  reduction  of  formate  of  mercury  on  heating 
may  be  applied  to  the  estimation  of  formic  acid,  and  its  separation 
from  acetic  acid  may  be  approximately  eflected  by  boiling  the  solu- 
tion of  the  free  acids  with  yellow  mercuric  oxide  until  eflervescence 
ceases.  If  formic  acid  only  be  present,  the  filtered  liquid  wiU  be 
free  from  mercur}'.  With  a  mixture  of  the  two  acids,  the  amoimt 
of  mercury  which  passes  into  sohition  is  equivalent  to  the  acetic 
acid  present.  If  the  total  acid  present  originally  be  determined 
by  standard  alkali  or  other  means,  the  quantity  of  formic  acid  may 
be  found.     Or,  in  presence  of  other  acids  forming  soluble  mercuric 
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salts,  the  excess  of  mercuric  oxide  may  be  dissolved  by  dilute 
hydrochloric  acid,  and  the  residual  metallic  mercury  weighed  and 
calculated  to  formic  acid.     HgO  +  CHgOg  =  Hg  +  CO2  +  HjO. 

c.  Chlorine,  bromine,  chromic  acid,  permanganate,  and  other 
powerful  oxidising  agents  convert  formic  acid  more  or  less  readily 
into  carbonic  acid. 

d.  When  heated  gently  with  alcohol  and  sulphuric  acid,  for- 
mates generate  ethyl  formate,  CgH^CHOg,  having  a  fragrant 
odour  of  peach-kernels,  and  boiling,  when  purified,  at  54^*4  C. 

e.  With  ferric  chloride,  formates  react  similarly  to  acetates  (see 
test  e,  par.  888). 

/.  At  a  gentle  heat,  strong  sulphuric  acid  evolves  carbon 
monoxide  from  formic  acid  or  a  formate.  Strong  alkalies 
produce  an  oxalate. 

g.  Formates  of  lead  and  magnesium  are  insoluble  in  alcohol, 
while  the  corresponding  acetates  are  soluble.  Hence,  acetic  may  be 
separated  from  formic  acid  by  saturating  the  free  acids  with  a  slight 
excess  of  calcined  magnesia  or  carbonate  of  lead,  filtering,  evaporat- 
ing the  filtrate  to  a  small  bulk,  and  adding  a  large  proportion  of 
alcohol.  Formate  of  magnesium  or  lead  is  precipitated,  while  the 
corresponding  acetate  remains  in  solution.  The  process  may  be 
varied  by  precipitating  the  alcoholic  solution  of  the  acids  with  an 
alcoholic  solution  of  lead  acetate,  and  washing  the  resultant  pre- 
<iipitate  with  alcohol. 

945.  In  addition  to  the  methods  already  indicated,  formic  acid 
may  be  determined  by  titration  with  standard  alkali,  or  by  decom- 
position in  a  carbonic  acid  apparatus  by  sulphuric  acid  and  bichro- 
mate of  potassium,  the  amount  of  formic  acid  present  being  deduced 
from  the  weight  of  dry  CO^  evolved.     CH2O2 + 0  =  HgO  +  COg. 

946.  Propionic  Acid. 

C3He02  =  H,C3H,02=^32^^}  0=  {^^L^ 

This  body,  formerly  called  metacetonic  acid,  is  of  no  commercial 
importance,  but  its  detection  and  separation  from  its  homologues 
are  occasionally  necessary. 

Propionic  acid  is  contained  in  crude  oil  of  amber,  in  sour  cocoa- 
nut  milk,  and  in  certain  wines,  especially  when  the  fermentation 
has  been  pushed  too  far.  It  is  also  produced  by  the  fermentation  of 
glycerin,  lactic  acid,  <fec.,  and  by  a  great  variety  of  synthetical 
methods. 

947.  Propionic  acid  closely  resembles  acetic  acid,  but  has  an 
odour  recalling  at  once  those  of  acetic  and  butyric  acids.  It  boils 
at  140°,  and  has  a  density  of  -996  at  19^ 
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The  statements  respecting  the  solubility  of  propionic  acid  are 
very  conflicting.  According  to  some  observers  it  is  not  miscible 
in  all  proportions  with  water,  but  floats  as  an  oil  on  its  saturated 
aqueous  solution  ;  according  to  others,  it  is  not  separated  from  its 
aqueous  solution  by  a  saturated  solution  of  calcium  chloride.  Both 
these  statements  are  probably  incorrect. 

The  propionates  closely  resemble  the  acetates ;  they  are  all 
soluble  in  water. 

948.  The  following  method  is  described  by  linnemann  for  the 
separation  of  propionic  acid  from  its  lower  homologues  : — The  free 
acids  are  evaporated  to  dryness  with  excess  of  lithaige.  The  residue 
is  then  treated  with  cold  water,  and  the  liquid  filtered.  Basic 
propionate  of  lead  dissolves,  while  any  acrylate  remains  insoluble, 
together  with  most  of  the  acetate  and  formate.  The  solution  is 
boiled  and  stirred  quickly,  when  the  propionate  separates  suddenly 
and  almost  completely  as  a  crystalline  precipitate,  soluble  in  cold 
water,  but  which  may  be  filtered  at  a  boiling  heat  from  the 
remaining  acetate  and  formate.  The  propionic  acid  of  fermentation 
is  said  not  to  exhibit  this  reaction. 

For  other  methods  of  detecting  and  separating  propionic  acid, 
see  process  e,  par.  941. 

949.  Butyric  Acid. 

Two  isomeric  modifications  of  this  acid  are  known,  differing 
slightly  in  their  physical  properties  (see  par.  939). 

950.  a.  Normal  Butyric  Acid,  CjjHy'COOH,  occurs  ready- 
formed  in  various  natural  products,  and  is  frequently  produced 
by  the  decomposition  of  animal  and  vegetable  matter.  It  exists 
as  a  glyceride  in  butter  and  cod -liver  oil  and  results  from  the 
butyric  fermentation  of  sugar. 

Nonnal  butyric  acid  is  a  colourless  mobile  liquid,  having  a  smell 
at  once  resembling  acetic  acid  and  rancid  butter.  It  is  soluble  in 
water,  alcohol,  and  ether  in  all  proportions,  but  is  not  soluble  in 
concentrated  solution  of  calciimi  chloride  or  common  salt ;  hence, 
it  may  be  separated  from  its  aqueous  solution  by  saturating  the 
liquid  with  calcium  cliloride,  and  then  agitating  with  ether.  From 
the  ethereal  layer  it  may  be  recovered  by  spontaneous  evaporation, 
or,  as  a  salt,  by  agitation  with  excess  of  solution  of  potash  or  soda. 

For  other  methods  of  approximately  separating  butyric  from 
acetic  and  valeric  acids  sec  par.  941. 

951.  p.  Iso-BUTTRic  Acid,  CH(CH3)2*C00H,  occurs  in  carob 
beans,  and  among  the  acids  of  castor  oil  It  closely  resembles  the 
normal  acid  in  its  general  properties,  but  has  a  lower  boiling  point 
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and  density.  Its  smell  is  less  offensive  than  that  of  the  normal 
acid  obtained  by  the  decomposition  of  butter,  or  by  the  butyric 
fermentation  of  sugar.  It  requires  three  parts  of  cold  water  for 
solution,  and  is  easily  oxidised  to  acetic  acid  and  carbon  dioxide 
when  heated  with  chromic  acid  mixture  (par.  295). 

952.  All  the  metallic  buiyrates  are  soluble  in  water.  Butyrate 
of  lead  is  a  heavy  liquid,  which  solidifies  when  cooled. 

Butyrate  of  copper  forms  bluish-green  monoclinic  crystals,  which 
are  sparingly  soluble  in  water.  The  formation  of  cupric  butyrate 
may  be  employed  to  distinguish  butyric  from  valeric  acid.  (See 
p.  417.) 

953.  The  iso-buiyrates  closely  resemble  the  butyrates,  except  in 
the  cases  of  the  calcium  and  silver  salts.  Normal  butyrate  of 
calcium  is  very  soluble  in  cold  water,  but  separates  as  a  crystalline 
precipitate  on  heating  the  strong  solution  to  70°.  The  iso-btdyrate 
is  more  soluble  in  hot  water,  and  separates  on  cooling  as  a  crystalline 
magma. 

954.  The  most  delicate  and  characteristic  reaction  of  butyric  acid 
or  a  butyrate  is  the  formation  of  ethyl  butyrate  on  heating 
with  alcohol  and  strong  sulphuric  acid.  The  ether  has  a  most 
fragrant  odour  of  pine-apple,  and  boils  at  120°  C.     (See  par.  290.) 

955.  Pentoic  Acid.    Valeric  Acid. 

C.HioO^  =  H,C,H302  =  ^'^^  }  O. 

Several  acids  of  this  formula  are  known,  namely, — 

956.  a.  Primary  Normal  Pbntoio  Acid,  CH3-(CH2)3'COOH ; 
boiling  at  185°C.,  and  having  a  density  of  '9415  at  20°,  is  obtained, 
together  with  paraffins  and  normal  homologous  acids,  when  fats  are 
distilled  with  superheated  steam  ;  also  by  the  action  of  alkalies  on 
normal  butyl  cyanide.  The  smell  resembles  that  of  normal  butyric 
acid.  The  calcium  salt  has  a  fatty  lustre  and  crystallises  in  scales, 
more  soluble  in  cold  than  in  hot  water. 

957.  p.  Primary  Iso-Pkntoic  Acid,  or  ordinary  Valeric  Acid, 
CH(CH3)2'CH2'COOH,  occurs  in  dolphin  and  porpoise  oils,  in 
sweat,  and  in  various  other  products  and  secretions  of  animals. 
It  exists  ready-formed  in  valerian-root,  and  many  plants  of  the 
natural  order  Compositce,  It  may  be  obtained  by  the  oxidation  of 
the  iso-amyl  alcohol  of  fusel  oil  (par.  266) ;  or  by  the  action  of 
alkalies  on  iso-butyl  cyanide.  Iso-valeric  acid  is  frequently  called 
simply  " valeric  acid,"  though  the  name  valerianic  acid 
would  serve  better  to  indicate  its  origin,  and  thereby  distingv^dh  it 
from  other  modifications  of  pentoic  acid. 

Valerianic  Acid  is  an  optically  inactive  and  colourless  oily  liquid, 
having  an  impleasant  smell  resembling  old   cheese.     Its  taste  is 
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sharp  and  acid,  and  it  blanches  the  tongue.  Valerianic  acid 
dissolves  in  about  30  parts  of  cold  water,  and  is  readily  soluble  in 
alcohol,  ether,  chloroform,  or  strong  acetic  acid.  It  is  almost 
wholly  removed  from  its  aqueous  solution  by  saturating  the  liquid 
with  common  salt  or  calcium  chloride. 

Absolute  valerianic  acid  has  a  density  of  '937  at  15°,  and  boils 
at  175°  C.  It  forms  a  hydrate  of  the  composition  CgH^QOgjHjO, 
having  a  density  of  "950  and  boiling  at  165°,  but  it  is  gradiudly 
dehydrated  by  distillation,  the  weaker  acid  coming  off  first.  On 
the  other  hand,  on  distilling  dilute  aqueous  valerianic  acid,  the  first 
portions  of  the  distillate  are  most  strongly  acid.    (See  par.  941,  e.) 

958.  y.  Secondary  Pbntoic  Acid.  Active  Valeric  Acid.  Methyl- 
ethyl-acetic  acid,  CH(CH8)(C2Hg)COOH.  This  acid  resembles 
ordinary  valeric  acid,  but  boUs  at  172°  C.  (3  degrees  lower), 
and  is  easily  oxidised  by  chromic  acid  mixture  (par.  295)  into 
acetic  acid,  carbon  dioxide,  and  water.  It  is  obtained  by  the 
oxidation  of  the  laevo-rotatory  amyl  alcohol  of  fusel  oil,  but  the 
acid  itself  is  dextrO'TotsitoTy.  It  also  differs  from  ordinary  valeric 
acid  in  forming  a  very  soluble  barium  salt,  the  solution  of  which 
dries  up  to  an  amorphous  varnish. 

959.  8.  Tertiary  Pentoic  Acid,  or  Trimethyl-acetic  Acid, 
0(0113)3 'COOH,  is  solid  at  ordinary  temperatures,  melting  at  35° '4 
to  a  liquid  of  '905  specific  gravity  at  50°,  and  boiling  at  163°*8. 

960.  Reactions  of  Iso-valeric  Acid  and  Iso-valerates. 
When  iso-valeric  acid  or  an  iso- valerate  is  distilled  with  sulphuric 

acid  and  a  little  amylic  alcohol,  a  fragrant  ethereal  liquid  smelling 
of  apples  is  obtained ;  this  is  the  iso-valerate  of  amyl 
(par.  290). 

Iso-valerates  are  decomposed  by  acetic  acid  with  formation  of  iso- 
valeric acid  and  an  acetate ;  they  are  also  decomposed  by  tartaric, 
citric,  and  malic  acid.  Some  observers  state  that  they  are  decom- 
posed by  butyric  acid,  and  others  deny  this. 

Metallic  iso-valei'ates  are  mostly  soluble  in  water.  The  oxy- 
valerates  of  iron  and  bismuth  are  insoluble.  Argentic  and  mer- 
curous  valerates  are  but  slightly  soluble,  and  valerate  of  aluminium 
is  insoluble.  Nether  valerianic  nor  butyric  acid  gives  a  precipitate 
with  an  aqueous  solution  of  zinc  acetate.  This  fact  distinguishes 
them  from  caproic  acid,  which  throws  down  sparingly  soluble  zinc 
caproate  as  a  white  crystalline  precipitate. 

IsO'Valerate  of  barium  crystallises  easily  in  triclinic  scales  or 
tables  (in  distinction  from  active  valeric  acid),  is  soluble  in  two 
parts  of  cold  water,  and  sparingly  soluble  in  alcohol.  Caprylate  of 
barium  requires  120  parts  of  cold  water  for  solution,  and  is  nearly 
insoluble  in  alcohol.    Caprate  of  barium  is  almost  insoluble  in  water. 
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When  concentrated  valerianic  acid  is  agitated  with  solution  of 
cupric  acetate,  anhydrous  cupric  is  o- v  a  1  e  r  a  t  e  separates  in 
oily  droplets,  which,  in  from  five  to  twenty  minutes,  crystallise  as 
greenish-blue  monoclinic  prisms  or  octohedra  of  hydrated  cupric 
iso-valerate,  moderately  soluble  in  water  and  alcohol  The  salt  is 
less  soluble  in  hot  water  than  in  cold,  and  hence  the  saturated  solu- 
tion becomes  turbid  when  heated.  This  reaction  distinguishes 
valeric  from  butyric  acid,  which  forms  with  a  moderately  strong 
solution  of  cupric  acetate  an  immediate  precipitate  or  turbidity  of 
cupric  butyiate,  of  bluish-green  colour,  and  crystallising  in  small 
monoclinic  prisma  In  using  this  test  for  assaying  valerates,  the 
acid  must  first  be  obtained  free  by  distilling  the  salt  with  a  moder- 
ate excess  of  sulphuric  acid. 

Valeric  acid  may  be  separated  from  most  organic  acids  by  con- 
verting it  into  the  soluble  valerate  of  lead.  Acetic  acid  may  be 
detected  by  neutralising  any  free  acid  with  soda,  and  precipitating 
in  the  cold  with  excess  of  ferric  chloride.  In  presence  of  acetic 
or  formic  acid,  the  filtered  liquid  will  have  a  red  colour.  The  in- 
solubility of  aluminium  valerate  might  probably  be  employed  for 
the  separation  of  valeric  from  acetic  or  formic  acid. 

For  other  methods  of  approximately  determining  valeric  acid 
and  separating  it  from  its  homologues,  see  par.  926. 

961.  Commercial  Valerianic  Acid  and  Valerianates. 

The  presence  of  alcohol^  acetic  acidy  Imtyric  acidy  valerateSy  &c., 
in  commercial  valerianic  acid  is  indicated  by  the  increased  solubilit}' 
of  the  sample,  which  should  not  be  greater  than  1  of  the  hydrated 
acid  in  26  parts  by  weight  of  water.  If  the  sample  require  more 
than  30  parts  of  cold  water  for  solution,  the  presence  of  higher 
Jiomologttesy  or  valeral  (valeric  aldehyde,  CgHj^O)  is  jaidicated. 
Acetic  acid  may  be  recognised  as  indicated  in  par.  959.  By 
neutralising  the  sample  with  an  alkali,  any  amylic  cdcoholy  valeric 
aldehyde,  or  neutral  ethers  will  be  left  undissolved,  as  a  turbidity 
or  oily  layer,  and  the  amount  may  be  estimated  by  measurement, 
or  the  mixture  may  be  shaken  with  ether,  and  the  ethereal  liquid 
evaporated  spontaneously.  The  solubihty  of  valeric  acid  in  a  mix- 
ture of  equal  volumes  of  glacial  acetic  acid  and  water  may  be  em- 
ployed to  separate  it  from  valeral  and  ethers,  but  not  from  amylic 
alcohol^  The  presence  of  butyric  acid  will  be  indicated  by  frac- 
tional distillation,  and  by  the  composition  of  the  salt  obtained  by 

^  Valeric  acid  may  be  purified  by  dissolving  in  two  equivalents  of  the  crude- 
acid  one  of  neutral  valerate  of  sodium,  assisting  the  solution  by  a  gentle  heat. 
On  standing  in  a  cool  place,  crystals  of  an  acid  valerate  of  sodium  are  deposited, 
and  on  distilling  this  with  sulphuric  acid,  and  collecting  the  liquid  which 
passes  over  between  125"  and  138°,  pure  valeric  acid  is  obtained. — Lcscccur. 
VOL.  I.  2d 
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saturating  the  acid  with  carbonate  of  barium  (see  par.  926,  rf)  ;  also 
by  the  reaction  with  cupric  acetate  (par.  959). 

Valeric  acid  should  also  be  tested  for  non-volatile  impurities, 
sulphuric  acid,  and  hydrochloric  acid. 

Valerianates  have  been  somewhat  extensively  used  in  medi- 
cine, especially  the  sodium,  iron,  zinc,  and  bismuth  salts.  They 
are  all  more  or  less  liable  to  sophistication,  which  in  some  instances 
is  of  a  very  gross  kind.  Thus,  samples  of  "  valerianate  of  zinc  " 
are  occasionally  composed  of  the  sulphate  or  acetate,  and  others 
have  been  met  with  which  consisted  of  butyrate  of  zinc  impreg- 
nated with  oil  of  valerian.  Valerianate  of  zinc  is  also  liable  to 
adulteration  with  tartaric  and  citric  acids,  boric  acid,  and  salts  of 
the  light  metals.  Similarly,  tartrate  or  citrate  of  iron  flavoured 
with  valerian  has  been  substituted  for  the  valerate  of  iron,  and  the 
sulphate  of  quinine  for  the  valerate.  "  Valerianate  of  ammonium  " 
has  been  prepared  by  saturating  chloride  of  calcium  with  oil  of 
valerian,  and  many  similar  frauds  have  been  occasionally  practised. 

Most  of  the  above  adulterations  may  be  readily  detected.  The 
substitution  of  butyrate  of  zinc  for  the  valerate  is  best  recognised 
by  distilling  the  salt  with  sulphuric  acid  diluted  with  an  equal 
measure  of  water,  and  then  applying  the  cupric  acetate  and  otiier 
tests  to  the  distillate. 

The  most  satisfactory  ready  test  for  valerates  is  to  weigh  or 
measure  the  layer  of  free  acid  which  separates  on  decomposing  the 
solid  salt  with  sulphuric  acid  diluted  with  an  equal  measure  of  a 
saturated  aqueous  solution  of  sidphate  of  zinc. 

962.  LACTIC  Acn). 

French — Acide  Lactique.      Gentian — Milchsaure. 

CaHgO,  =  n,C^B.,0^  =  ^^^^^  1 0. 

Three  modifications  of  lactic  acid  are  known,  namely  : — 

a.  Ordinary,  or  Ethylidene-Lactic  Acid,  CH3— CH(OH)  — 
CO 'OH.  This  acid  results  from  a  peculiar  fermentation  of  sacchar- 
ine matter,  and  is  produced  in  a  great  variety  of  reactions.  It  is  pre- 
sent in  sour  milk,  and  is  probably  the  principal  free  acid  of  sour  beer. 

6.  Para-,  Sarco-,  or  Ethylene-Lactic  Acid,  CH2(0H)— CHj— 
CO 'OH,  exists  in  the  juice  of  lean  meat ;  and 

c.  Hydracrylic  Acid,  having  probably  the  constitution 
CHo(OH)-CH-CHOH. 

\o/ 

963.  The  differences  between  ordinary  and  paralactic  add  are 
most  observable  in  their  calcium  and  zinc  salts.  (See  par.  968  ^ 
mq.)  The  free  acids  are  hardly  distinguishable,  except  that  paralactic 
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acid  is  dextro-rotatory  while  ordinary  lactic  acid  is  inactive.  Ordi- 
nary lactic  acid  forms  a  deep-blue  liquid  with  cupric  sulphate, 
while  paralactic  acid  is  almost  completely  precipitated.  They  also 
differ  in  their  products  of  oxidation,  paralactic  acid  yielding  m  a  1  - 
onic  acid,  G^Ufi^,  while  ordinary  lactic  acid  is  converted  into 
aldehyde  or  acetic  acid,  and  carbonic  or  formic 
acid  (see  par.  950).  By  hot  nitric  acid,  lactic  acid  is  converted 
into  oxalic  acid. 

Hydracrylic  Acid  is  distinguished  from  its  two  isomers  by  the 
fact  that  it  yields  no  trace  of  lactide  when  heated,  but  is 
resolved,  almost  without  residue,  into  water  and  acrylic  acid. 
CgHgOg  =  HgO  +  CgH^Og.  Hydracrylic  acid  is  more  readily  oxidised 
than  the  other  varieties  of  lactic  acid,  giving  off  formic  and  much 
carbonic  acid. 

964.  Concentrated  lactic  acid  is  a  colourless,  odourless,  syrupy 
liquid,  of  a  veiy  acid  taste.  The  specific  gravity  of  the  pure  acid 
is  said  to  be  1*248,  and  of  that  containing  75  per  cent,  1*212  -^ 
but  it  is  very  doubtful  whether  the  absolute  acid  has  ever  been 
obtained,  owing  to  its  tendency  to  form  anhydrides.  Lactic  acid 
is  not  volatile  without  decomposition.  At  130°  C.  it  begins  to 
decompose,  and  at  about  145°  C.  sparingly  soluble  dilactic 
acid,  CgHi^Og,  is  formed,  which,  at  a  higher  temperature,  forms 
volatile  lactide  or  lactic  anhydride,  CjH^Og,  and  other 
products. 

Dilactic  acid  and  lactide  are  nearly  insoluble,  but  are  converted 
by  prolonged  boiling  with  water,  and  readily  by  solutions  of  caustic 
alkalies,  into  lactic  acid.  The  lactide  obtained  by  heating  parar 
lactic  acid  yields  ordinary  lactic  acid  when  treated  in  this  manner. 

In  its  ordinary  metallic  salts,  lactic  acid  is  monobasic,  but  a 
second  atom  of  hydrogen  can  be  replaced  by  alcohol-radicles. 

Lactic  acid  is  miscible  in  all  proportions  with  water,  alcohol, 
glycerin,  and  ether.  It  is  but  slightly  soluble  in  chloroform,  and 
is  insoluble  in  carbon  disulphidc  and  petroleum  spirit.  Glyceric 
acid,  CjHgO^,  which  resembles  lactic  acid,  is  insoluble  in  ether. 

Lactic  acid  dissolves  recently  precipitated  phosphate  of  calcium, 
and  is  frequently  used  for  that  purpose. 

965.  Concentrated  sulphuric  acid  mixes  with  pure  lactic  acid 
without  blackening  it.  On  heating,  a  brown  colour  is  developed, 
and  much  carbon  monoxide  evolved,  a  brown  humus-like  body 
being  ultimately  left. 

Lactic  acid  does  not  reduce  Fehling's  solution,  but  rapidly 
decolorises  permanganate,  both  in  acid  and  in  alkaline  solutions 

1  According  to  Hager,  a  density  of  1*212  corresponds  to  80  per  cent,  of 
absolute  lactic  acid. 
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with  production  of  an  odour  of  aldehyde.  Lactate  of  silver 
is  imperfectly  reduced  on  boiling,  with  production  of  a  blue  liquid 
and  a  brownish  deposit. 

Lactic  acid  may  be  separated  from  organic  acids  forming  insol 
uble  lead  salts  by  precipitating  the  solution  (previously  neutralised  if 
necessary)  with  acetate  of  lead,  either  with  or  without  an  addition 
of  alcohol.  Lead  lactate  remains  in  solution,  and  may  be  decom- 
posed by  sulphuretted  hydrogen,  when  free  lactic  acid  is  obtained. 

Many  admixtures  may  be  got  rid  of  by  saturating  the  free  acid 
by  barium  carbonate.  When  the  aqueous  solution  is  evaporated, 
and  the  residue  treated  with  alcohol,  many  of  the  acids  whose 
barium  salts  are  soluble  in  water  remain  behind,  whereas  barium 
lactate  dissolves  in  alcohoL  Free  lactic  acid  may  be  obtained  by 
cautiously  precipitating  the  solution  of  barium  lactate  with  dilute 
sulphuric  acid,  and  filtering. 

When  purified  from  all  substances  except  those  soluble  in 
alcohol,  the  aqueous  liquid  containing  free  lactic  acid  may  be 
saturated  with  oxide  of  zinc,  evaporated  to  dr3mess,  and  the 
residue  digested  with  alcohol.  Lactate  of  zinc,  insoluble  in  alcohol, 
remains,  while  the  other  matters  dissolve.  After  drying  at  120^ 
C,  the  residue  may  be  weighed,  when  its  weight,  multiplied  by 
•7402,  gives  that  of  the  lactic  acid.  Paralactate  of  zinc  dissolves 
readily  in  alcohol,  so  the  above  process  is  useless  for  the  deter- 
mination of  paralactic  acid.  With  ordinary  lactic  acid  it  yields  fair 
approximate  results,  with  careful  manipulation  and  under  favour- 
able circumstances. 

966.  A  method  of  determining  lactic  acid  described  by  Chap- 
man and  Smith  {Jour,  Chem,  SoCy  xx.  173)  is  based  on  the  fact 
that,  when  heated  with  sulphuric  acid  and  bichromate  of  potassium, 
lactic  acid  is  decomposed  thus : — CgHgOj + O  =  CgH^O  +  HgO  +  COj. 
Hence,  one-third  of  the  carbon  of  the  lactic  acid  is  evolved  as 
carbon  dioxide  gas.  The  process  is  conducted  as  follows  : — A 
flask,  having  a  side-tubulure,  is  connected  by  the  latter  with  a 
small  bulb-apparatus  filled  with  concentrated  sulphuric  acid  and 
immersed  in  cold  water.  The  bulb-apparatus  is  connected  with 
bulbs  containing  potash-solution  (specific  gravity  1*27),  and  beyond 
is  a  small  tube  containing  fragments  of  caustic  potash.  The  neck 
of  the  flask  is  closed  by  a  perforated  cork,  through  which  is  passed 
the  stem  of  a  tapped  funnel.  A  weighed  quantity  of  the  lactate 
or  solution  of  lactic  acid  is  placed  in  the  flask,  and  150  c.c.  of  a 
solution,  containing  100  grammes  of  bichromate  of  potassium  and 
125  of  concentrated  sulphuric  acid  to  the  litre,  are  introduced 
through  the  tap.  The  contents  of  the  flask  are  then  heated  by 
hot  water  (not  by  a  flame).     Carbon  dioxide  gas  is  evolved,  which 
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bubbles  through  the  sulphuric  acid  (and  is  thus  freed  from  alde- 
hyde vapour),  and  is  absorbed  by  the  potash  solution.  When  no 
more  bubbles  pass,  air  is  drawn  through  the  apparatus,  and  the 
potash  apparatus  is  removed  and  weighed.  Its  increase  in  weight, 
corresponding  to  the  CO2  produced,  multiplied  by  2*045  gives  the 
amount  of  lactic  acid  present.  Alcohol  (if  not  in  quantity),  acetic 
acid,  sulphurous  acid,  and  many  other  substances  have  no  disturb- 
ing influence  on  the  results. 

967.  Commercial  Lactic  Acid  is  liable  to  contain  the 
following  impurities : — 

Inobganio  Matters,  left  on  igniting  the  substance.  Sulphuric 
acid  and  sulphates  will  be  indicated  on  adding  barium  chloride  to 
the  aqueous  solution  of  the  original  substance  ;  chlorides  by  silver 
nitrate  ;  salts  of  calcium  by  oxalate  of  ammonium ;  zinc^  lead,  and 
iron  by  diluting  the  liquid,  nearly  neutralising  with  ammonia,  and 
passing  sulphuretted  hydrogen. 

FoRBiQN  Oroanio  Acids. — Of  these,  the  presence  of  oxalic  and 
tartaric  acids  will  be  indicated  by  the  formation  of  a  precipitate  on 
adding  lime  water  to  alkaline  reaction,  and  citric  by  precipitation 
occurring  on  boiling  the  liquid  so  obtained.  Acetic  and  hiUyric 
acids  may  be  recognised  by  their  respective  odours  on  gently 
heating  the  liquid;  or  more  exactly  by  the  production  of  the 
fragrant  odours  of  their  respective  ethyl  ethers  on  heating  the 
sample  with  alcohol  and  strong  sulphuric  acid.  Ethyl  lactate  boils 
at  a  high  temperature  and  has  very  little  odour. 

Sabgolactio  Acid  may  be  detected  by  the  formation  of  a  blue 
precipitate  on  adding  cupric  sulphate  to  the  aqueous  solution  of 
the  substance. 

Neutral  Organic  Matters,  may,  in  general,  be  detected  by  the 
production  of  a  brown  colour  on  mixing  the  sample  with  an  equal 
bulk  of  cold  concentrated  sulphuric  acid.  Glycerin  may  be 
detected  by  treating  the  sample  with  a  slight  excess  of  zinc  oxide 
and  a  little  water,  evaporating  to  dryness  at  100°,  and  treating  the 
residue  with  ether-alcohoL  On  evaporation  of  the  solution,  glycerin 
will  be  left  as  a  sweet  syrupy  liquid.  On  treating  the  residue  left 
undissolved  by  ether-alcohol  with  alcohol  alone,  sugar  and  glucose 
will  be  dissolved.  Glucose  and  other  impurities  will  also  be 
recognised  by  the  formation  of  a  red  or  yellow  precipitate  on 
heating  the  neutralised  acid  with  Fehling's  solution. 

Lactic  acid  should  not  be  materially  coloured  when  heated  with 
a  strong  solution  of  caustic  alkali,  and  should  be  wholly  soluble  in 
ether. 

968.  Lactates  of  the  metals  are  all  more  or  less  soluble  in 
water,  but  usually  only  sparingly  so  in  the  cold.     All  of  them  are 
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insoluble  in  ether.     The  paralactates  are  usually  more  soluble  than 
the  salts  of  ordinary  lactic  acid,  and  are  IsBvo-rotary. 

969.  Calcium  Lactate,  Ca"  (C3H503)2,  is  obtained  in  crystals 
containing  5  Aq.,  when  lactic  acid  is  neutralised  with  lime  or 
chalk  and  the  liquid  concentrated.  It  crystallises  in  small  whit^ 
mammillated  tufts,  which  under  the  microscope  appear  as  delicate 
needles,  some  of  which  look  like  bundles  bound  in  the  centre. 
From  acid  solutions,  acid  lactate  of  calcium  crystallises  iD 
radiating  trimetric  needlea  One  part  of  calcium  lactate  dissolves 
in  9  J  parts  of  cold  water,  and  in  all  proportions  in  boiling  water 
or  alcohol  Calcium  paralactate  requires  1 2 J  parts  of  cold 
water  for  solution,  and  contains  4  Aq. 

970.  Ferrous  Lactate,  Fe"  {G^fi^^  is  a  soluble  salt  crystal- 
lising in  small  needles  with  3  Aq.  The  dry  salt  is  permanent,  but 
the  solution  rapidly  oxidises.  Ferrous  lactate  is  not  unfrequently 
adulterated,"  the  substances  most  used  for  the  purpose  being  dried 
ferrous  sulphate,  milk-sugar,  and  starch.  A  sample  of  "  lactate  of 
iron,"  examined  by  M.  Peltier,  contained  25  per  cent,  of  ferrous 
sulphate  and  75  per  cent  of  milk-sugar.  Ferrous  sulphate  can  be 
readily  detected  by  the  copious  precipitate  produced  on  treating 
the  solution  of  the  sample  with  chloride  of  barium.  Milk-sugar 
may  be  detected  by  rendering  the  solution  alkaline  by  soda, 
passing  sulphuretted  hydrogen  to  precipitate  the  iron,  filtering, 
adding  Feliling's  solution  to  the  filtrate,  filtering  rapidly  in  the  cold 
from  the  sidphide  of  copper,  and  heating  the  filtrate,  when  a 
yellow  or  red  precipitate  of  cuprous  oxide  will  be  formed  if  milk- 
sugar  be  present.  Starch  may  be  detected  in  the  portion  of  the 
sample  insoluble  in  cold  water,  by  the  blue  colour  produced  on 
addition  of  solution  of  iodine. 

971.  Lead  Lactate,  Pb"  (0311503)2,  is  freely  soluble  in  water, 
sparingly  soluble  in  cold  but  readily  in  hot  alcohol,  and  slightly 
soluble  in  ether.  (Gly cerate  of  lead  is  but  slightly  soluble  in  cold 
water. ) 

972.  Zinc  Lactate,  Zn"(C3H503)2,  crystallises  from  concen- 
trated solutions  in  shining  crusts,  and  from  dilute  solutions  in  four- 
sided  prismatic  needles  soluble  in  58  parts  of  cold,  or  6  of  boiling 
water,  and  insoluble  in  alcohol.  The  crystals  contain  3  Aq.,  which 
is  lost  rapidly  at  100°  C,  and  above  210°  C.  the  salt  decomposes. 
Zinc  paralactate  crj-^stallises  with  2  Aq.  in  slender  needles,  which 
lose  their  water  slowly  at  100°  C,  and  give  off  empyreumatic 
vapours  below  150°  0.  The  salt  is  soluble  in  16  parts  of  cold  water 
and  but  sparingly  in  cold  alcohol 
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973.  OXALIC  ACID. 

French — Acide  Oxalique ;  Acide  d'oseille. 
German — Oxalsaiire  ;  Kleesaure. 


H  j  '^ 


C2H204  =  H2, 0204  =  0303    )-0^=    \    QQ  QJJ 


Oxalic  acid  bears  the  same  relation  to  glycol,  OgH^  (OH)^, 
that  acetic  acid  does  to  ethylic  alcohol. 

Oxalic  acid  occurs  ready  formed  in  various  plants — notably  in 
the  Oxcdis  acetosella  and  in  r  h  u  b  a  r  b.  It  is  a  frequent  product 
of  the  decomposition  of  animal  matters,  occurring  largely  in 
diseased  and  occasionally  in  healthy  urine,  in  certain  urinarj' 
calculi,  &c.  It  is  a  product  of  the  action  of  nitric  acid,  alkaline 
permanganate,  and  other  oxidising  agents  on  various  kinds  of 
organic  matter. 

974.  An  interesting  synthesis  of  oxalic  acid,  which  may  attain 
practical  importance,  is  the  reaction  of  carbon  monoxide  on  caustic- 
alkali,  with  production  of  a  formate,  and  conversion  of  the  lattei- 
into  oxalate  by  increasing  the  temperature. 

975.  In  commerce,  oxalic  acid  is  always  produced  by  one  of 
two  reactions.  The  first  is  the  oxidation  of  starch  or  su;?ar  by 
moderately  concentrated  nitric  acid,  with  subsequent  separation  and 
purification  of  the  resultant  oxalic  acid  by  crystallisation,  &c. 
This  well-known  and  simple  method  is  now  replaced  in  practice  by 
the  curious  "  sawdust  process."  When  starch,  sawdust,  straw,  bran, 
or  other  vegetable  matter  is  heated  with  caustic  potash,  an  oxalate 
is  formed.  Wheat-bran  yields  150  per  cent,  of  its  weight  of 
crystallised  oxalic  acid.  Soda  cannot  be  advantageously  substi- 
tuted for  the  potash,  at  least  entirely,  but  with  a  mixture  of  the 
two  alkalies  very  satisfactory  results  are  obtained.  The  product  of 
the  action  is  treated  with  water,  and  the  solution  treated  with 
slaked  lime.  The  alkalies  are  recovered  in  a  caustic  state,  and  the 
calcium  oxalate  is  separated  and  decomposed  with  sidphuric  acid, 
the  resultant  oxalic  acid  being  separated  by  evaporation  and 
crystallisation. 

976.  Oxalic  acid  usually  occurs  crystallised  with  two  atoms  of 
water,  C2H2O4  +  2H2O,  the  crystals  being  monoclinic  prisms  having 
a  density  of  1*641  at  4°  0.  Exposed  to  dry  air,  or  in  vacuo  over 
oil  of  vitriol,  the  crystals  lose  water,  become  opaque,  and  form  a 
white  powder.  The  acid  may  also  be  obtained  anhydrous  by 
exposure  to  a  gentle  heat  (60°  to  70°  C).  If  at  once  heated  to 
100°  C.  the  crystals  melt,  and  it  is  then  much  more  difficult  to 
drive   off  the  water.      By  dissolving  ordinar}*^  oxalic  acid  in  12 
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parts  of  warm  concentrated  sulphuric  acid,  and  allowing  the 
solution  to  stand  for  several  days,  the  anhydrous  acid,  H^CjO^  is 
deposited  in  transparent  crystals,  which  on  exposure  to  air  al^orb 
2  Aq.  and  fall  to  powder. 

Saturated  solutions  of  oxalic  acid  lose  acid  at  100*  C,  and  the 
anhydrous  acid  may  be  readily  sublimed.  This  furnishes  a  con- 
venient mode  of  obtaining  the  pure  acid  for  analytical  purposea 
The  acid  should  previously  be  rendered  anhydrous  by  heating  to 
60°  or  70°  C,  and  the  temperature  of  the  retort  must  be  kept  as 
constantly  as  possible  at  157°  C.  If  allowed  to  rise  to  160°  C, 
much  loss  of  acid  occurs,  and  an  inferior  product  is  obtained,  con- 
taining water  and  formic  acid.  The  passage  of  a  current  of  dij' 
air  greatly  facilitates  the  sublimation.^ 

Oxalic  acid  is  colourless  and  odourless,  and  completely  volatile 
by  heat  without  charring. 

977.  100  parts  of  water  dissolve  8  paits  of  crystallised  oxalic 
acid  at  10°  C.  and  345  parts  at  90°  C. 

The  solution  has  an  intensely  sour  taste,  reddens  litmus  strongly, 
and  in  many  respects  acts  like  a  mineral  acid.  It  is  very 
poisonous.  It  decomposes  carbonates,  phosphates,  chromates,  and 
various  other  salts,  including  fluorspar.  (Powdered  oxalic  acid 
completely  decomposes  common  salt  or  calcium  chloride  when  the 
mixture  is  heated.)  Prussian  blue  dissolves  in  oxalic  acid  to  a  clear 
blue  liquid,  sometimes  employed  as  a  blue  ink.  Solutions  of 
oxalic  acid  are  permanent  in  the  dark,  but  when  exposed  to  light 
the  acid  is  rapidly  decomposed. 

Crystallised  oxalic  acid  dissolves  readily  in  cold  and  still  more 
readily  in  boiling  alcohol.  It  is  but  slightly  soluble  in  ether,  and 
is  insoluble  in  chloroform,  benzene,  or  petroleum  spirit. 

978.  Oxalic  acid  is  not  afiected  by  boiling  with  moderately 
strong  nitric  or  hydrochloric  acid.  Cold  sulphuric  acid  has  no 
action  on  it ;  but  when  oxalic  acid  is  heated  with  concentrated 
sulphuric  acid,  phosphoric  acid,  or  either  of  the  chlorides  of  phos- 
phorus, it  splits  up  thus  : — C2H204  =  CO  +  C02+H20. 

When  heated  with  glycerin,  oxalic  acid  yields  carbonic  acid  at  a 
moderate  heat,  and  formic  acid  at  a  higher  temperature.  This  is 
the  method  commonly  employed  for  producing  formic  acid. 

Chlorine  combines  with  dry  oxalic  acid  to  form  a  compound  of 

1  Another  simple  method  of  purifying  oxalic  acid  is  to  dissolve  it  in  boiling 
hydrochloric  acid  containing  10  to  16  i)er  cent,  of  real  HCl.  The  liquid  is 
stirred  well,  and  then  cooled  quickly  to  get  small  crystals.  These  are  washe«l 
with  small  quantities  of  cold  water  till  but  little  hydrochloric  acid  remains  in 
them.  They  are  then  rcdissolved  in  boiling  water  and  recrystallised.  The 
product  so  obtained  is  perfectly  pure. 
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the  formula  CgHgO^CLg,  which  is  split  up  hy  water  into  hydro- 
chloric and  carbonic  acids. 

Dioxides  of  manganese  and  lead  oxidise  oxalic  acid  to  carbonic 
acid.  Auric  chloride  and  acid  solutions  of  permanganates  react 
similarly.  In  presence  of  a  large  excess  of  alkali,  oxalic  acid  is 
not  oxidised  by  permanganate  {WanMyn). 

979.  Reactions  of  Oxalic  Acid  and  Oxalates. 

An  aqueous  solution  of  oxalic  acid  presents  the  following 
analytical  characters : — 

a.  On  addition  of  lime  water  or  solution  of  calcium  acetate,  a 
white  precipitate  of  calcium  oxalate,  CaC20^+H20,  is 
formed.  The  precipitate  is  very  insoluble  in  water,  and  not 
sensibly  soluble  in  acetic  or  other  organic  acids.  It  is  readily 
soluble  in  dilute  mineral  acids.  It  is  decomposed  by  boiling  with 
excess  of  carbonate  of  sodium  solution,  with  formation  of  insoluble 
calcium  carbonate  and  soluble  sodium  oxalate.  On  gentle  ignition, 
calcium  oxalate  evolves  carbon  monoxide,  CO,  and  leaves  calcium 
carbonate.  No  blackening  occurs  in  this  reaction.  Solutions  of 
soluble  oxalates  give  the  same  reaction  as  oxalic  acid  with  lime 
water  or  calcium  acetate,  and  react  with  calcium  sulphate  or 
chloride  in  addition.  If  previously  neutralised  by  ammonia,  oxalic 
acid  solutions  are  precipitated  by  the  two  latter  reagenta 

h.  With  solutions  of  barium,  oxalic  acid  and  oxalates  react  in 
a  similar  manner  as  with  solutions  of  calcium,  but  the  resultant 
barium  oxalate  is  not  so  insoluble  in  water  or  acetic  acid  as 
the  calcium  salt. 

c.  On  addition  of  dilute  sulphuric  acid  and  manganese  dioxide, 
warm  solutions  of  oxalic  acid  and  oxalates  produce  eflfervescence, 
owing  to  the  formation  of  carbon  dioxide  gas,  according  to 
the  reaction  11^^^  +  0  =  11^  +  200^,  The  gas  may  be  proved 
to  be  carbon  dioxide  by  its  reaction  with  lime  water. 

d.  In  presence  of  ^ute  sulphuric  acid,  a  warm  solution  of  oxalic 
acid  rapidly  decolorises  potassium  permanganate.  From  strong 
solutions,  the  resultant  carbon  dioxide  escapes  with  efifervescenca 

980.  Determination  of  Oxalic  Acid. 

Oxalic  acid  may  be  determined  with  considerable  accuracy  by 
either  of  the  following  methods,  the  details  of  which  may  be  found 
in  most  works  on  quantitative  analysis  : — 

a.  By  precipitation  as  calcium  oxalate.  The  solution  should  be 
hot  and  dilute,  and  mineral  acids  must  be  absent,  or  previously 
neutralised  by  ammonia.  In  the  absence  of  other  acids  forming 
insoluble  or  nearly  insoluble  calcium  salts  (e.g.^  sulphates,  tartrates, 
citrates,  phosphates),  the  solution  may  be  exactly  neutralised  by 
ammonia,  and  calcium  chloride  added.     Any  phosphate  may  be 
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separated  by  digesting  the  precipitate  with  cold  dilute  acetic  acid. 
In  presence  of  sulphates,  calcium  sulphate  should  be  employed  as 
a  precipitant.  It  is  frequently  preferable  to  have  the  solution  acid 
with  acetic  acid,  or  to  precipitate  the  acid  solution  with  calcium 
acetate,  so  as  to  avoid  the  co-precipitation  of  other  calcium  salta 
Almost  all  calcium  salts  are  soluble  in  acetic  acid,  except  the 
oxalate,  racemate,  and  fluoride.  Racemates  may  be  previously  re- 
moved by  precipitation  with  potassium  acetate  in  presence  of 
alcohoL  The  separation  of  oxalates  and  fluorides  does  not  occur 
in  practice,  but,  if  required,  the  oxalate  can  be  determined  by 
titrating  the  precipitate  with  standard  permanganate.  The  pre- 
cipitate of  calcium  oxalate,  however  produced,  is  to  be  well  washed 
and  then  treated  in  one  of  the  following  ways  : — 

1.  It  is  dried  at  100°  C,  and  weighed  as  CaCgO^. 

2.  It  is  ignited,  moistened  with  carbonate  of  ammonium,  again 
gently  ignited,  and  weighed  as  CaCOj. 

3.  It  is  moistened  on  the  filter  with  strong  sulphiuic  acid,  and 
the  whole  ignited  again,  moistened  with  sulphuric  acid,  reignited, 
and  finally  weighed  as  CaSO^. 

4.  It  is  ignited  thoroughly,  and  the  resultant  calcium  oxide  and 
carbonate  titrated  with  standard  acid. 

5.  The  filter  is  placed  in  a  beaker  together  with  water  and 
dilute  sulphuric  acid,  and  the  liquid  is  titrated  with  standard 
permanganate. 

Of  these  methods,  the  two  last  are  perhaps  the  best,  because 
they  are  the  least  afiected  by  any  impurity  in  the  precipitate. 
Process  5  aims  at  the  direct  estimation  of  the  oxalate,  and  may  be 
applied  to  a  precipitate  containing  phosphate,  carbonate,  or 
sulphate ;  but  tartrate,  racemate,  and  most  organic  salts  must  be 
absent  from  the  precipitate. 

b.  By  treatment  with  dilute  sulphuric  acid  and  manganese 
dioxide  in  a  carbonic  acid  apparatus.  This  process  is  conducted 
precisely  as  in  the  valuation  of  a  manganese  ore,  except  that  excess 
of  manganese  dioxide  is  used  instead  of  excess  of  the  oxalate.  44 
parts  by  weight  of  COg  lost  by  the  apparatus  represent  63  of 
crystallised,  or  45  of  anhydrous  oxalic  acid. 

c.  By  titration  vnWi  standard  permanganate.  The  solution  of 
the  oxalate  must  be  free  from  other  readily  oxidisable  bodies,  and 
shoidd  be  warm,  dilute,  and  pretty  strongly  acidulated  with 
sulphuric  acid.  The  permanganate  is  added  gradually,  with 
constant  stirring,  until  the  liquid  acquires  a  permanent  pink  tint. 
The  permanganate  is  preferably  standardised  with  pure  oxalic  acid. 
Decinormal  permanganate,  containing  3*162  grammes  ELMnO^  to 
the  litre,  is  a  suitable  strength.     Each  c.c.  of  this  solution  will 
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oxidise  '0063  gramme  of  crystallised,  or  *0045  gramme  of  anhy- 
drous oxalic  acid.  The  process  can  be  employed  for  titrating 
a  precipitate  of  calcium  oxalate. 

981.  Toxicological  Examination  for  Oxalic  Acid. 

— Oxalic  acid  and  its  solutions  are  violently  poisonous.  The  same 
is  true  of  the  soluble  oxalates.  If  a  very  concentrated  solution  of 
free  oxalic  acid  be  taken  internally,  an  immediate  burning  pain  in 
the  stomach  is  observed,  together  with  cramps  and  drawing  up  of 
the  legs,  and  vomiting  of  dark  and  perhaps  bloody  cofTee-coloured 
matters.  The  patient  often  complains  that  the  throat  feels  as  if 
tightly  bound  with  a  cord.  Bloody  purging  next  occurs,  the 
tongue  becomes  sore,  and  the  mouth  swollen  and  usually  white. 
Numbness  and  tingling  of  the  legs,  twitchings  of  the  face,  convul- 
sions and  delirium  will  be  more  or  less  marked,  while  the  circular 
tion  becomes  very  depressed,  and  respiration  slow  and  spasmodic. 

With  weaker  solutions,  the  above  effects  are  less  marked ;  death 
may  be  almost  instantaneous,  or  may  be  postponed  for  a  consider- 
able time.  Half  an  ounce  is  an  ordinary  poisonous  dose,  but  a 
much  smaller  quantity  has  proved  fatal. 

The  proper  antidote  for  oxalic  acid  is  whiting,  chalk,  or 
magnesia,  suspended  in  a  small  quantity  of  milk. 

982.  After  death  from  poisoning  by  oxalic  acid,  the  mouth, 
throat,  and  gullet  will  usually  be  found  shrivelled  and  easy  of 
removal.  The  stomach,  which  is  frequently  contracted,  often 
contains  an  intensely  acid,  brown,  gelatinous  liquid.  The  mucous 
membrane,  if  death  be  rapid,  may  appear  soft  and  pale,  but  if 
death  be  long  delayed  it  is  usually  partly  blackened,  other  portions 
being  intensely  congested,  the  surface  peeling  off  and  the  coats 
underneath  being  gangrenous.  Throughout  the  whole  body,  except 
the  stomach  and  gullet,  the  blood  is  fluid.  Occasional  cases  are 
on  record  in  which  morbid  appearances  have  been  nearly  or  entirely 
absent. 

In  cases  of  poisoning  by  oxalic  acid,  supposing  no  antidote  to 
have  been  administered,  the  contents  of  the  stomach  will  usually 
be  intensely  acid.  (Of  course,  moderate  acidity  is  the  normal 
condition.) 

The  urine  should  always  be  examined  when  poisoning  by  oxalic 
acid  is  suspected.  It  should  be  allowed  to  stand  in  a  conical  glass, 
the  clear  solution  subsequently  decanted,  and  the  sediment 
examined  under  the  microscope  for  octohedral  crystals  of  calcium 
oxalate.  These  should  be  found  in  abundance,  and  may  also  be 
identified  by  chemical  tests. 

983.  The  Toxicological  Detection  op  Oxalic  Acid  may  be 
effected  in  the  following  manner : — ^The  contents  of  the  stomach, 
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if  acid,  are  digested  with  warm  water  and  strained  through  muslin, 
or,  if  possible,  through  paper.  To  the  clarified  liquid,  excess  of  a 
solution  of  basic  lead  acetate  is  added,  which  will  throw  down  any 
oxalic  acid,  together  with  colouring  and  other  organic  matter.  The 
precipitate  is  washed  well,  suspended  in  water,  and  decomposed  by 
a  current  of  sulphuretted  hydrogen.  The  liquid  is  again  filtered, 
when  the  filtrate  will  probably  be  sufficiently  pure  to  admit  of  the 
application  of  the  characteristic  tests  for  oxalic  acid.  Of  these, 
the  most  satisfactory  for  toxicological  p\irposes  are  the  production 
of  crystals  of  the  free  acid,  and  the  formation  of  a  precipitate 
having  the  properties  of  calcium  oxalate  on  addition  of  calcium 
chloride  and  ammonia,  or  of  calcium  acetate  alone. 

Soluble  neutral  oxalates  can  readily  be  detected  by  the  above 
process,  but  a  modified  method  must  be  used  if  a  compound  of 
calcium  or  magnesium  has  been  administered  as  an  antidote.  In 
such  a  case,  the  contents  of  the  stomach  should  be  boiled  for  an 
hour  or  two,  without  previous  filtration,  with  a  strong  solution  of 
an  alkaline  carbonate.  The  liquid  is  filtered  from  the  residual 
carbonate  of  earthy-metal,  acidulated  with  acetic  acid,  and  then 
precipitated  with  acetate  of  lead  as  above  described. 

984.  In  toxicological  investigations  it  must  not  be  forgotten 
that  oxalates  occur  naturally  in  various  edible  vegetables,  especially 
in  rhubarb  and  sorreL  Hence,  if  the  symptoms  do  not  indicate 
poisoning  by  free  oxalic  acid,  a  quantitative  determination  of  the 
oxalate  present  may  be  necessary  before  concluding  that  death  has 
ensued  through  poisoning.  Free  oxalic  acid  may  be  extracted 
from  animal  matters  by  means  of  alcohol,  which  does  not  dissolve 
oxalates ;  but  "  salt  of  sorrel "  consists  largely  of  tetra-oxalate  of 
potassium,  which  is  decomposed  by  alcohol  into  free  oxalic  acid 
and  insoluble  di-oxalate  (KH3(C20^)2=KHC204  +  H2C204). 

In  cases  of  poisoning  by  free  oxalic  acid,  the  acid  extracted 
from  the  stomach  and  intestines  is  chiefly  uncombined,  but  that 
obtained  from  the  liver,  kidneys,  heart,  and  urine  is  wholly  in 
combination. 

985.  Commercial  Oxalic  Acid  is  not  liable  to  inten- 
tional adulteration ;  nevertheless,  various  impurities  are  frequently 
present,  owing  to  careless  manufacture  or  imperfect  purification. 

Organic  Matters  other  than  oxalic  acid  are  recognised  by  the 
charring  or  darkening  of  the  sample  when  heated,  or  on  warming 
with  concentrated  sulphuric  acid. 

Fixed  Mineral  Impurities  are  left  as  a  residue  on  igniting 
the  sample  in  the  air.  If  the  ignited  residue  effervesce  on  addi- 
tion of  dilute  acid,  an  acid  oxalate  is  present  in  the  sample. 
Very  sensible  quantities  of  lead  and  other  heavy  metals  are  .some- 
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times  met  with.^  Sulphuric  Acid  and  Acid  Sulphates  are  some- 
times present  in  oxalic  acid  in  considerable  quantity.  The  solution 
of  such  samples  gives  a  white  precipitate  of  BaSO^  on  addition 
of  barium  chloride.  The  same  impurities  are  very  common  in 
commercial  ammonium  oxalate. 

986.  Oxalates. — ^These  salts  require  but  little  special  de- 
scription. The  alkali-metals  form  three  classes  of  oxalates,  the 
potassium  salts  having  the  formulae  KgCgO^HgO  ;  KHCgO^HnO ; 
and  KB3(C204)2,2H20.  The  acid  salts  are  the  least  soluble.  The 
oxalates  of  most  other  metals  are  insoluble,  or  nearly  insoluble,  in 
water.  This,  is  true  of  the  oxalates  of  barium,  strontium,  calcium, 
copper,  magnesium,  manganese,  cobalt,  nickel,  zinc,  lead,  silver,  &c. 
The  first  four  of  these  retain  1  atom  of  water  on  drying  at  100*^0. 
The  remainder  retain  2  atoms,  with  the  exception  of  the  lead  and 
silver  salts,  which  are  anhydrous.  Ferrous  oxalate  is  but  sparingly 
soluble,  but  ferric  oxalate  is  readily  so,  at  least  in  presence  of  free 
oxalic  acid ;  hence  the  use  of  oxalic  acid  for  removing  ink-stains 
and  dissolving  Prussian  blue.  All  the  insoluble  oxalates  are 
soluble  in  dilute  nitric  acid,  but  they  are  generally  insoluble  in 
acetic  acid.  The  determination  of  the  oxalic  acid  may  be  readily 
effected  by  the  methods  described  in  par.  980. 

On  ignition,  oxalates  of  the  metals  of  the  alkalies  and  alkaline- 
earths  evolve  carbon  monoxide  gas,  and  leave  the  corresponding 
carbonatea  These  may  sometimes  be  further  decomposed  if  the 
temperature  be  excessive  (CaC204  =  CaO  +  CO  +  C02).  Oxalates 
of  the  heavy  metals,  when  heated  to  redness  in  a  close  vessel, 
usually  leave  the  free  metal  and  evolve  carbon  dioxide  gas 
(NiC20^  =  !N'i+2C02).  This  reaction  occurs  even  at  100°C.  in  the 
case  of  gold ;  hence,  gold  is  reduced  from  its  solutions  by  boiling 
with  an  oxalate. 

Pure  oxalates  do  not  char  on  ignition, 

987.  SUCCINIC  ACID. 

French — Acide  Succinique.     German — Bemsteinsaure. 
C AO, = H„C,HA = (C AO,r  I  o^  ^  (c^^j„  I  CO.OH 

— Succinic  acid  occurs  naturally  in  amber  and  in  certain  lignites ; 
is  produced  during  the  alcoholic  fermentation  of  sugar ;  and  by 
the  fermentation  of  malic  acid  and  many  other  substances, 
cjspecially  under  the  influence  of  putrefying  casein.     Succinic  acid 

^  In  a  sample  of  oxalic  acid  sold  as  specially  purified  for  analytical  purposes, 
the  writer  found  as  much  as  6*3  per  cent,  of  oxide  of  lead. 
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is  also  produced  by  the  action  of  nitric  acid  on  the  fatty  acids  and 
their  glycerides,  and  it  exists  ready-formed  in  several  plants. 

Succinic  acid  may  be  obtained  by  the  dry  distillation  of  amber, 
the  watery  distillate  being  filtered  while  hot  to  separate  oil,  when 
crystals  of  succinic  acid  are  deposited  on  cooling,  and  may  be 
purified  by  boiling  with  nitric  acid,  followed  by  recrystallisation 
from  water. 

988.  Succinic  acid  bears  the  same  relation  to  butylenic  alcohol 
that  oxalic  acid  does  to  ethylenic  alcohol  (glycol),  and  may  be 
produced  from  butylenic  alcohol  by  oxidation.  It  may  also  be 
obtained  by  the  deoxidation  of  tartaric  or  malic  acid,  which  contain 
respectively  two  and  one  atom  more  of  oxygen  than  does  succinic 
acid. 

989.  Succinic  acid  crystallises  in  colourless,  oblique  rhombic 
prisms  or  plates.  When  heated  to  130°  C.  it  emits  suffocating 
fumes,  and  at  180°  melts.  When  the  heat  is  increased  to  235°  C. 
the  acid  boils  and  sublimes  as  succinic  anhydride, 
C^H^Og,  which  melts  at  120°  C.  When  heated  strongly  in  the 
air,  succinic  acid  bums  with  a  blue  smokeless  flame. 

Succinic  acid  is  soluble  in  about  18  parts  of  cold  and  0*8 
boiling  water.  It  dissolves  readily  in  alcohol  and  sparingly  in 
ether,  but  is  insoluble  in  chloroform,  benzene,  petroleum  spirit, 
turpentine,  or  carbon  disidphide.  Nitric  acid,  chlorine,  and 
chromic  acid  have  no  action  on  succinic  acid,  and  it  is  soluble 
without  change  in  strong  sulphuric  acid.  Permanganate  has  no 
action  on  a  cold  acid  solution,  but  hot  permanganate  in  presence  of 
free  alkali  produces  oxalic  acid. 

990.  Keactions  of  Succinic  Acid.  In  its  analytical  characters 
succinic  acid  somewhat  resembles  benzoic  acid,  but  differs  from  it 
in  not  being  precipitated  from  a  strong  solution  of  its  salts  by 
hydrocliloric  acid ;  in  being  precipitated  by  ammoniacal  chloride  of 
barium  even  from  a  dilute  solution ;  and  by  being  insoluble  in 
chloroform,  and  therefore  not  removable  from  an  acid  solution  by 
agitation  with  that  liquid.  Magnesium  benzoate  is  soluble  in 
alcohol,  but  the  succinate  is  insoluble. 

Ferric  cliloride,  if  first  treated  with  as  much  dilute  ammonia 
as  it  will  bear  without  precipitation,  precipitates  from  neutral 
solutions  of  soluble  succinates  bulky  cinnamon-brown  basic 
ferric  succinate,  some  free  succinic  acid  being  simultane- 
ously produced,  and  the  solution  acquiring  an  acid  reaction. 
Benzoates,  under  similar  circumstances,  gives  a  flesh-coloured 
precipitate,  and  cinnamates  a  yellow.  The  precipitate  may  be 
filtered  off,  washed,  and  decomposed  by  boiling  with  excess  of 
dilute  ammonia.     The  filtered  liquid,  if  mixed  with  barium  chloride 
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and  an  equal  bulk  of  alcohol,  gives  a  white  precipitate  of  b  a  r  i  u  m 
succinate.  By  the  above  combination  of  reactions,  succinic 
acid  may  be  readily  identified  and  separated  from  other  organic 
acids.  The  process  might  possibly  be  made  quantitative.  For 
such  a  purpose,  sodium  acetate  should  be  added  to  the  liquid  con- 
taining the  iron  precipitate,  and  the  whole  boiled,  the  precipitate 
produced  being  first  boiled  and  then  washed  with  dilute  ammonia, 
the  ammoniacal  liquid  being  then  concentrated  and  precipitated 
by  alcohol  and  chloride  of  barium.  Neutral  succinates  of  alkali- 
metals  may  also  be  precipitated  pretty  completely  by  adding  barium 
chloride  to  the  boiling  solution. 

991.  For  the  determination  of  the  succinic  acid  in  icine^  I. 
Macagno  recommends  the  following  process : — ^To  1  litre  of  the 
sample  add  sufficient  albumin  or  raw  hide  to  precipitate  all  the 
tannin.  The  filtered  liquid  is  concentrated  and  treated  with  hy- 
drated  oxide  of  lead  till  the  colour  is  entirely  removed.  The 
precipitate  is  boiled  for  a  long  time  with  a  10  per  cent,  solution  of 
ammonium  nitrate,  and  the  liquid  filtered.  The  filtrate  is  treated 
with  sulphuretted  hydrogen,  the  precipitate  filtered  off,  the  filtrate 
concentrated  to  100  cc,  and  exactly  neutralised  with  ammonia. 
Perfectly  neutral  ferric  chloride  is  then  added,  the  precipitate  well 
washed,  ignited,  and  the  residual  FcgOg  calculated  to  succinic  acid 
by  multiplying  the  weight  found  by  the  factor  1*978. 

R  Kayser  concentrates  200  c.c.  of  the  wine  to  one-half,  adds 
lime-water  till  alkaline,  filters  from  the  precipitated  calcium  phos- 
phate and  tartrate,  and  passes  carbonic  acid  through  the  filtrate. 
The  liquid  is  boiled,  filtered,  and  the  filtrate  precipitated  by  neutral 
ferric  chloride.  The  precipitate  is  washed  with  alcohol  of  '890 
specific  gravity,  and  ignited  to  ferric  oxide  as  before. 

Schmitt  and  Hiepe  consider  the  above  process  of  doubtful  ac- 
curacy and  recommend  the  one  described  in  par.  189.  Pasteur's 
method  of  determining  the  succinic  acid  in  fermented  liquids  is 
described  in  the  footnote  on  page  75. 

Commercial  Succinic  Acid  has  usually  more  or  less  of 

a  brown  colour,  and  smells  somewhat  of  the  erapyreumatic  oil 
of  amber,  which  impurity  may  be  removed  by  agitation  with 
petroleum  ether.  A  factitious  sticcinic  acid  has  been  prepared 
by  adding  a  little  oil  of  amber  to  tartaric  acid,  sal-ammoniac,  or 
acid  sulphate  of  potassium. 

Inorganic  Impuritibs  and  adulterants  will  be  left  on  igniting 
the  substance.  Cream  of  tartar  leaves  potassium  carbonate  on 
ignition ;  it  has  been  found  in  succinic  acid  to  the  extent  of  50 
pep  cent.  Barium  std'phate  may  be  recognised  by  its  insolubility 
and  other  characters  ;   and  horic  acid  by  the  reddish-brown  colour 
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imparted  to  turmeric  paper,  when  the  ash  is  acidulated  with  hy- 
drochloric acid  and  the  solution  evaporated  in  contact  with  it 
Heavy  metals  may  be  recognised  by  the  usual  tests. 

Foreign  Organic  Acids  may  be  detected  by  their  special  reac- 
tions. Thus  oxalic  acid  will  be  precipitated  on  adding  calcium 
acetate  (or  a  mixture  of  calcium  chloride  and  ammonium  acetate) 
to  the  aqueous  solution  of  the  sample ;  tartaric  acid  by  potassium 
acetate  and  alcohol ;  citric  acid  by  the  precipitate  formed  on  add- 
ing excess  of  lime-water  and  boiling  ;  and  benzoic  acid  by  its  solu- 
bility in  carbon  disulphide  or  warm  petroleum  spirit,  and  by  its 
separation  on  treating  the  precipitate  produced  in  the  neutralised 
liquid  by  ferric  chloride  with  hydrochloric  acidi 

Ammonium  Chloride  may  be  recognised  by  the  tests  for  am- 
monium salts  and  chlorides. 

Sugar  and  various  other  impurities  cause  charring  on  wanning 
the  substance  with  sulphuric  acid. 

A  useful  method  of  examining  succinic  acid  is  to  dissolve  1 
gramme  of  the  sample  in  15  cc.  of  hot  rectified  spirit,  in  which 
it  should  be  completely  soluble.  When  cold,  one-half  the  solution 
is  mixed  with  an  equal  measure  of  chloroform,  and  the  other  with 
an  equal  measure  of  ammonia.  Complete  admixture  should  occur 
in  both  cases.  If  the  result  of  the  test  be  satisfactory,  and  the 
sample  leave  no  sensible  quantity  of  ash,  and  does  not  notably 
darken  with  strong  sulphuric  acid,  the  substance  is  free  from 
admixture. 

992.  MALIC  ACID. 

Hydroxysuccinic  Acid. 

(  CO.OH 

CA05  =  H2,C,HA=^^*Hf '^'  }  0,=  ^  ^^^ 

(  CO.OH. 

Malic  acid  is  contained  in  apples,  pears,  and  most  fruits  used 
for  domestic  putposes.  It  is  usually  prepared  from  rhubarb  stalks 
or  mountain-ash  berries. 

993.  Malic  acid  crystallises  in  groups  of  four-  or  six-sided 
prisms,  which  are  colourless  and  odourless,  and  readily  fusibla 
Malic  acid  is  deliquescent  and  readUy  soluble  in  water,  alcohol, 
and  ether.  The  aqueous  solution  has  an  agreeable  acid  taste,  and 
becomes  mouldy  on  keeping.  In  contact  with  ferments^  especially 
putrid  cheese,  the  solution  of  malic  acid  yields  succinic  acid, 
C^HqO^,  and  acetic  acid,  CgH^Og.  Sometimes  butyric  acid 
is  produced. 
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994.  When  heated  in  a  small  retort  to  about  180°  C,  free 
malic  acid  melts  and  evolves  vapours  of  maleic  and  fumaric  acids, 
which  crystallise  on  the  cooler  parts  of  the  retort  and  receiver. 
Fumaric  acid,  C^H^O^  forms  slowly  at  150°  C,  and  mostly 
crystallises  in  the  retort,  in  broad,  colourless,  rhombic  or  hexagonal 
prisms,  which  vaporise  without  melting  at  about  200°  C,  and  are 
soluble  in  250  parts  of  cold  water,  and  easily  in  alcohol  and  ether. 
Maleic  acid,  C^H^O^  is  the  chief  product  if  the  temperature 
be  suddenly  raised  to  200°  C.  This  body  crystallises  in  oblique 
rhomboidal  prisms,  which  melt  at  130°,  vaporise  at  about  160°  C, 
and  are  readily  soluble  in  water  and  alcohol  The  behaviour  of 
maHc  acid  on  heating  is  of  value  owing  to  the  few  characteristic 
tests  for  this  acid. 

995.  Natural  malic  acid  is  Isevo-rotatory  in  dilute  solutions, 
optically  inactive  in  a  solution  containing  34*24  per  cent.,  and 
dextro-rotatory  in  more  concentrated  liquids.  Artificial  malic  acid 
is  inactive,  but  is  said  to  be  separable  into  two  acids  of  opposite 
rotatory  powers. 

By  the  action  of  hydriodic  acid,  under  pressure,  malic  acid  is 
converted  into  succinic  acid.  Nitric  acid  and  alkaline  solu- 
tions of  permanganate  oxidise  malic  acid.  Concentrated  sulphuric 
acid  darkens  malic  acid  and  malates  very  slowly  on  warming. 
When  boiled  with  dilute  sulphuric  acid  and  bichromate  of 
potassium,  malic  acid  evolves  an  odour  of  ripe  fruit. 

996.  None  of  the  malates  are  quite  insoluble  in  water,  but 
few  are  soluble  in  alcohol.  Solution  of  calcium  chloride  does  not 
precipitate  malic  acid  or  malates  in  the  cold  (distinction  from 
oxalic  and  tartaric  acids) ;  only  in  neutral  and  very  concentrated 
solutions  is  a  precipitate  formed  on  boiling.  (Citrates  are  pre- 
cipitated from  neutral  boiling  solutions  by  calcium  chloride,  unless 
the  liquid  be  very  dilute.)  The  addition  of  alcohol  after  chloride 
of  calcium  produces  a  bulky,  white  precipitate  of  calcium 
malate,  CaC4H^05,  even  in  dilute  neutral  solutions.  Thus,  if 
the  liquid  be  filtered  first  cold  (to  remove  oxalic  and  tartaric  acids), 
and  then  boiling  hot  (to  remove  citric  acid),  the  malic  acid  can  be 
precipitated  on  addition  of  two  volumes  of  alcohol  This  pre- 
cipitate may  contain  calcium  sulphate  or  succinate,  but  will  be  free 
from  formate,^  acetate,  benzoate,  &c.  On  boiling  the  precipitate 
with  a  moderate  quantity  of  water,  the  malate  will  be  dissolved, 
and  tannate  and  sulphate  left  almost  wholly  behind.  The  pre- 
cipitate produced  by  calcium  chloride  and  alcohol  may  also  be 
tested  for  malic  acid  (after  drying  it  to  get  rid  of  all  trace  of 

^  If  more  than  two  Tolomes  of  alcohol  be  added,  calcium  formate  may  be 
pradpitated. 
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alcohol)  by  decomposing  it  with  dilute  sulphuric  acid,  and  boiling 
the  filtered  liquid  with  a  mrudl  quantity  of  potassium  anhydrochro- 
mate  (bichromate).  If  the  liquid  remain  yellow,  succinic  acid 
alone  is  likely  to  be  present ;  but  if  a  green  colour  be  produced 
without  any  odour  being  developed,  citric  acid  is  probably  present 
either  with  or  without  succinic  acid.  If  the  liquid  acquire  a 
green  colour,  and  evolve  an  odour  of  ripe  fruit,  malic  acid  is 
present,  and  possibly  either  or  both  succinic  and  citric  acid  in 
addition. 

997.  Solution  of  acetate  of  lead  precipitates  malic  acid,  more 
perfectly  after  neutralisation  with  ammonia,  as  a  white  (and  fre- 
quently crystalline)  precipitate  of  lead  malate,  PbC^H^O^ 
which,  on  boiling  for  a  few  minutes,  melts  under  the  liquid  to  a 
transparent,  waxy,  semi-solid.  This  characteristic  reaction  is  ob- 
scured by  the  presence  of  other  organic  acids.  The  precipitate  is 
very  sparingly  soluble  in  cold  water,  somewhat  soluble  in  hot  water. 
Malato  of  lead  is  soluble  in  strong  ammonia,  but  is  not  readily 
dissolved  by  a  slight  excess.  (Distinction  from  tartrate  and  citrate.) 
Malate  of  lead  dissolves  in  ammonium  acetate,  and  on  mixing  the 
liquid  with  two  volumes  of  alcohol  is  reprecipitated.  (Any  suc- 
cinate of  lead  remains  in  solution.)  The  precipitate  of  lead 
malate  may  be  washed  with  a  mixture  of  2  measures  of  alcohol 
and  1  of  water. 

If  the  precipitate  of  malate  of  lead  be  treated  with  excess  of 
ammonia,  dried  on  the  water-bath,  moistened  and  tritiirated  with 
alcoholic  ammonia,  and  then*  treated  with  absolute  alcohol,  only 
malate  of  ammonium  dissolves;  ammonium  citrate,  tartrate,  oxalate, 
&c.,  being  insoluble  in  absolute  alcohol.  Malic  acid  may  be 
separated  from  other  organic  acids  in  solution  by  adding  ammonia 
in  slif'ht  excess,  and  then  8  or  9  volimies  of  strong  alcohol,  which 
precipitates  all  but  the  malate  of  ammonium.  The  method  may 
be  conveniently  applied  to  the  solution  of  the  free  acids  obtained 
by  suspending  the  lead  salts  in  water  and  passing  sulphuretted 
hydrogen  through  the  liquid. 

998.  If  the  alcoholic  solution  of  ammonium  malate  be  precipi- 
tated by  lead  acetate,  and  the  malate  of  lead  obtained  filtered  off, 
washed  with  alcohol,  dried  at  100°  C.  and  weighed,  the  weight 
obtained,  multiplied  by  0*3953,  gives  the  quantity  of  malic  acid 
present. 

999.  For  the  determination  of  malic  acid  in  winey  100  cc. 
should  be  precipitated  with  a  slight  excess  of  lime  water;  the 
filtrate  is  concentrated  to  one-half  its  bulk,  and  absolute  alcohol 
added  in  excess ;  the  precipitate,  consisting  of  calcium  malate  and 
sulphate,  is  collected  on  a  filter,  washed  with  proof  spirit,  dried, 
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and  weighed.  If  the  calcium  sulphate  be  next  determined  by 
dissolving  the  precipitate  in  water,  precipitating  the  solution  by 
barium  chloride,  and  multiplying  the  weight  of  barium  sulphate 
obtained  by  '5837,  the  difference  may  be  regarded  as  calcium 
malate,  172  parts  of  which  correspond  to  134  of  malic  acid  (see 
also  par.  189). 

R.  Kayser  evaporates  100  c.c.  of  the  wine  to  one-half,  super- 
saturates with  sodium  carbonate,  adds  10  c.c.  of  a  strong  solution 
of  barium  chloride,  dilutes  to  100  c.c,  agitates,  and  allows  the 
whole  to  stand  for  twenty-four  hours.  The  liquid  is  then  filtered, 
and  an  aliquot  portion  of  the  filtrate  acidified  moderately  with 
hydrochloric  acid  and  evaporated  to  dryness  at  100*^.  Free 
hydrochloric  and  acetic  acids  are  volatilised,  neutral  chlorides  and 
free  malic  acid  remaining.  The  latter  can  be  determined  in  the 
residue  by  dissolving  it  in  water  and  titrating  the  solution  with 
standard  alkali 

1000.  TARTARIC  ACID. 

French — Acide     Tartarique.      German — Tartarsaure,     Wein- 
steinsaure. 

C,H„0« = H,T = H2(C,H,0,r = (C^H^O^)'-  \  0,. 

Tartaric  acid  occurs,  either  free  or  combined,  in  various  plants. 
The  grape  is  the  only  source  from  which  it  is  commercially 
obtained.  The  deposit  formed  on  the  sides  and  bottom  of  the 
vessels  in  which  wine  is  manufactured  consists  largely  of  calcium 
and  potassium  tartrates.  After  purification,  it  is  treated  with 
chalk  and  calcium  sulphate,  by  which  a  nearly  insoluble  calcium 
tartrate  is  produced,  and  this,  when  decomposed  with  sulphuric 
acid,  yields  free  tartaric  acid,  which  is  obtained  in  crystals  by 
cooling  the  concentrated  liquid. 

1001.  Tartaric  acid  has  the  constitution  of  a  dihydroxy- 
succinic  acid,  and  has  been  formed  synthetically  by  boiling 
silver  dibromsuccinate  with  water,  or  the  corresponding  calcium 
salt  with  lime  water.     Agfi^K^tjd^  +  211^0  =  2 AgBr + C^HgO^. 

1002.  Five  distinct  modifications  of  tartaric  acid  exist.  Their 
chief  physical  and  chemical  differences  are  as  follow  : — 

a.  Dbxtro-tartaric,  or  Ordinary  Tartaric  Acid,  forms 
anhydrous,  hemihedral,  rhombic  crystals,  the  aqueous  solution  of 
which  turns  the  plane  of  polarisation  of  a  luminous  ray  to  the 
righiy  the  value  for  S©  at  16°  C.  being  13°*1  for  a  15  per  cent., 
and  14°'7  for  a  2  per  cent,  solution.    The  crystals  fuse  at  135°  C, 
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have  a  density  of  1 74  to  1 76,  and  are  readily  soluble  in  absolntt 
aiid  in  aqueous  alcohoL 

In  the  following  article,  ordinary  tartanc  acid  and  its  salts  ue 
always  referred  to  unless  some  special  prefix  is  employed. 

b.  LffiVO-TARTAKio,  or  Antj-tabtaric  Acid,  forma  anhydrous, 
hemihedral,  rhombic  crystals,  the  aqueous  solution  of  which  tum» 
the  plane  of  polarisation  of  a  luminous  ray  to  the  lejf,  the  rotatiuii 
being  equal  and  opposite  to  that  produced  by  dextro-tartaric  acid. 
It  feraieuts  less  readily  thajt  dextro-tartaric  acid,  and  forma  no 
crystalline  compound  with  asparagine. 

r..  Para-tartaric,  or  Raobhio  Acid,  occurs  with  ordinary 
tartaric  acid  in  crude  tartars.  It  forms  hydrated,  holohedral,  tnclioic 
crystals  containing  1  Aq.,  which  are  optically  inartivv,  have  a  density 
of  r69,  effloresce  in  the  air,  and  become  completely  anhydroua  at 
100°;  the  resultant  anhydrous  acid  melts  at  about  200^  C. 
Eacemio  acid  is  soluble  in  five  parts  of  cold  water,  and  with 
difficulty  in  cold  alcohol.  The  calcium  rocemat«  is  less  soluble  in 
water  than  calcium  dcxtro-tartrate,  and  is  also  distinguisbed  by  xix 
insolubility  iji  acetic  acid,  and  in  chloride  of  ammonium  sola- 
tion.' 

d.  Inactivb,  or  Mffio-TARTAKiO  Acid  is  produced  by  prolonged 
heating  of  dextro-tartaiic  acid  to  165°  with  a  email  proportion  of 
water.  It  is  optically  inactive,  but  is  not  resolvable  in  a,  and  6. 
acids.  Meso-tartoric  acid  is  very  soluble  in  water,  forms  crystals 
containing  1  Aq.,  and  yields  calcium  and  hydrogen-potassium  salts 
more  soluble  than  the  corresponding  salts  of  ordinary  tartaric  add. 

«.  Meta-tabtaric  Acid  is  produced  by  fusing  ordinary  laitaiif 
itcid  at  180°  C.  It  is  deliquescent  and  uncrystaHisablB.  It* 
dilute  solution  and  those  of  its  stUXa  are  converted  by  boiling 
into  those  of  the  ordinary  modification  of  tartaric  acid.  The  same 
change  occurs  slowly  in  the  cold.  On  the  other  hand,  dextro- 
tartaric  acid  undetgocs  partial  conversion  into  laeta-tsrtaric  acid  by 
concentrating  its  solution  on  the  water-bath. 

1003.  When  heated  to  205°  C,  tartaric  acid  loses  the  elements 
of  water,  and  is  converted  successively  into  substances  of  tlie 
fitrmulae  ;— CgHioOi^  ;  C^H^Oj ;  and  CjHgO,.  It  ultimately  carbon- 
ises and  emits  u  smell  resembling  that  of  burnt  bread  or  sugar. 

1004.  Dextro-tartaric  acid  is  soluble  in  07  parts  of  cold  and  0'5 
parts  of  boiling  water;  in  2-5  parts  of  rectified  spirit  or  3-6  of 

'  Raaemic  acid  cna  be  prepared  by  mixing  n.  and  6.  tartaric  acids,  and  can 
be  reaolvpd  into  them  by  apprapriate  metboda.  According  to  Staedel,  cry^t^ 
of  natnral  raceniio  acid  differ  from  the  artilicial  product  by  not  disiutegnr 
on  expoHure  to  air.  Anbydrous  artificial  raeemic  acid  is  stated  to  fuae  at  ~' 
and  the  natural  at  201"  C. 
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absolute  alcohol;  in    250  parts  of  absolute  ether,  and  is  nearly 
insoluble  in  chloroform,  benzene,  and  petroleum  spirit. 

The  following  table  by  H.  Schiff  shows  the  density  of  aqueous 
solutions  of  tartaric  acid : — 


Percentage  by  weight  of  tartaric  acid. 

Density 

atlS'C.  (-69' P.) 

33 

M654 

22 

1-1062 

14-67 

10690 

11 

1-0511 

7-33 

10337 

3-67 

10167 

Aqueous  solutions  of  tartaric  acid  (especially  when  dilute) 
gradually  decompose  with  growth  of  fungus.  The  change  may  be 
prevented  by  the  addition  of  a  little  carbolic  acid.  Cream  of  tartar 
and  other  tartrates  decompose  when  kept  in  a  moist  state. 

1005.  Most  oxidising  agents  convert  tartaric  into  formic  acid. 
Ammonio-silver  nitrate  is  reduced  with  formation  of  carbonic  and 
oxalic  acids.  In  dilute  solution,  tartaric  acid  reduces  auric  and 
platinic  chlorides,  and  converts  mercuric  chloride  into  calomeL 

1006.  Detection  and  Determination  of  Tartaric 
Acid  and  Tartrates. 

a.  Tartaric  acid  and  tartrates  are  charred  when  heated  with 
concentrated  sulphuric  acid  of  1-845  specific  gravity.  The  reaction 
may  be  used  to  distinguish  a  tartrate  from  a  citrate,  or  to  detect 
tartaric  acid  in  presence  of  citric  acid.  For  this  purpose,  1  gramme 
of  the  sample  should  be  treated  with  10  c.c.  of  pure  concentrated 
sulphuric  acid  (free  from  nitrous  compoimds),  and  the  mixture 
heated  to  100°  C.  for  forty  minutes.  Citric  acid  gives  only  a 
yellow  colour  when  thus  treated,  but  if  1  per  cent,  of  tartaric  acid 
be  present  the  liquid  has  a  distinct  brown  shade,  and  this  becomes 
still  more  marked  with  larger  proportions. 

6.  If  a  drop  of  ferrous  sulphate  solution  be  added  to  a  solution 
of  tartaric  acid  or  a  soluble  tartrate,  then  a  few  drops  of  hydrogen 
peroxide,  and  the  mixture  finally  treated  with  excess  of  caustic 
soda,  a  fijie  violet  coloration  is  produced,  which  in  strong  solutions 
is  so  deep  as  to  appear  almost  black.  The  colour  is  discharged  by 
sulphurous  acid.  If  potassium  ferrocyanide  be  added  to  the  violet 
liquid,  and  then  sufficient  dilute  sulphuric  acid  to  acidify  the  solu- 
tion, the  iron  may  be  filtered  ofif  and  a  colourless  filtrate  obtained 
which  again  gives  the  violet  colour  on  addition  of  a  ferrous  salt. 
The  colourless  filtrate  reduces  salts  of  silver  and  mercury,  and 
bichromate  of  potassium,  and  instantly  decolorises  permanganate. 
After  adding  excess  of  alkali  it  precipitates  cuprous  oxide  from 
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Kuliliiig's  solution  in  the  cold,  and  on  heating  metallic  copper  is 
HO  I  jura  ted. 

Acidulated  permanganate  or  sodium  hypouhloriUs  may  be  substi- 
tuted for  the  hydrogen  peroxide  in  tlie  foregoing  test,  if  care  be 
taken  to  avoid  excoss,  but  the  result  is  not  so  good  as  with  the 
jHiroxide.  Heavy  metals  and  oxidising  agents  must  be  absent. 
Citric,  malic,  succinic,  oxalic,  and  acetic  acids  and  sugar  were 
found  by  H.  J.  H.  Fenton,  the  observer  of  the  reaction,  to  give  no 
similar  coloration  {Chimi.  News,  xxxiii.  190;  xliii.  110). 

e.  Soluble  tartrates  in  neutral  solution  give  white  calcium 
tartrate  on  addition  of  chloride  of  calcium.  The  precipitate  it 
nearly  insoluble  in  cold  wat«r;  soluble  in  many  ammoniacal  salto; 
soluble  (after  washing)  in  a  cold  solution  of  sodium  hydrate,  but 
repreci  pita  ted  on  boiling ;  soluble  in  acids  (including  acetic)  ;  and 
converted  by  heating  with  a  neutral  solution  of  cupric  chloride 
into  insoluble  cupric  tartrate.  (Citrate  of  calcinm  yields 
soluble  cupric  citrate.)  Calcium  tartrate  may  also  be  conveniently 
examined  by  dissolving  it  in  the  smallest  possible  quantity  of 
acetic  acid,  adding  excess  of  iwtBEsitun  chJoride  solution,  and 
stirring  vigorously,  when  the  acid  tartrate  of  potassium  will  be 
thrown  down. 

d.  Tlie  reducing  action  of  tartaric  acid  on  solutions  of  silver  is 
an  extremely  delicate  test  when  properly  apphed,  but  is  remaik- 
alily  liable  to  failure  if  the  proper  conditions  arc  not  carefully 
observed.  The  solution  of  tartaric  acid,  or  the  tartrate  of  alkalL 
metal  (all  other  metals  being  first  removed),  is  rendered  acid  with 
nitric  acid,  Kccess  of  silver  nitrate  added,  and  any  precipitate 
filtered  off.  To  the  solution,  vaij  dibdv  ammonia  is  added  until 
tlie  precipitate  at  first  formed  is  nearly  redissolved.  The  solutaoo 
is  again  Altered,  and  the  filtrate  heated  nearly  to  boiling  for  a  few 
minutes,  when  a  brilliant  metallic  mirror  will  be  deposited  on  the 
aides  of  the  tube.  Citric  acid  does  not  reduce  silver  under  Mmilar 
circum stances,  but  gives  a  precipitate  on  continued  boiling. 

e.  Tartaric  acid  prevents  the  precipitation  of  many  metallic  soln- 
tions  by  alkalies,  stable  double  tartrates  being  formed.  For  the 
separation  of  heavy  metals  from  tartrates,  sulphuretted  hydrogen 
or  sulphide  of  sodium  must  be  employed,  according  to  the  metala 
present.  The  filtrate  may  be  concentrated,  and  any  barium, 
strontium,  calcium,  or  magnesiuur  present  thrown  down  by  boiling 
with  carbonate  of  sodium.  Aluminium  is  not  separated  by  eithn 
of  the  above  prccipitants,  but  the  tartaric  acid  can  be  detect«d  Had 
estimated  in  the  solution  without  removing  it. 

/.  The  best  method  of  determining  tartaric  acid  by  direct  eetiin»- 
tion  is  to  precipitate  it  in  the  form  of  potassium-hydrogen  tartrate^ 
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KHT.  (For  the  properties  of  this  salt,  see  par.  1022.)  When 
the  free  acid  is  to  be  detennined,  either  alone  or  mixed  only  with 
citric  acid,  no  better  process  can  be  employed  than  that  described 
in  par.  1048.  For  the  determination  of  tartaric  acid  in  tartrates, 
and  in  the  various  natural  and  artificial  products  of  tartaric  acid 
manufactories,  the  processes  of  Warington  and  Grosjean,  described 
in  par.  1008  et  seq.,  are  by  far  the  best. 

Tartaric  acid  in  wine  may  exist  in  the  free  state,  and  as  calcium 
and  potassium  hydrogen  tartrates,  and  ethyl  tartrate  is  probably  often 
present.     Its  determination  is  described  on  page  82. 

g.  like  the  corresponding  salts  of  other  organic  acids,  the  tar- 
trates of  the  light  metals  leave  on  gentle  ignition  a  residue  of 
carbonate  or  oxide  of  the  contained  metal,  and  by  dissolving  this 
residue  in  standard  acid  and  ascertaining  the  amoimt  of  acid 
neutralised  by  titrating  the  excess  with  standard  alkali,  an  accurate 
estimation  of  the  metal  can  bo  effected,  and,  if  it  be  known 
whether  the  tartrate  was  originally  an  acid  or  a  neutral  salt,  a 
determination  of  the  tartaric  acid  itself  is  obtained. 

h.  Tartaric  acid  and  acid  tartrates  neutralise  alkalies  completely, 
and  litmus  affords  a  fairly  sharp  indication  of  the  end  of  the  reaction ; 
but  phenolphthalem  is  preferable  (methyl  orange  is  unsuitable). 
Hence  the  ordinary  processes  of  alkalimetry  are  applicable  to 
tartaric  acid  and  tartrates. 

The  tartaric  acid  in  tartrates  of  organic  bases  may  generally  be 
determined  by  precipitation  as  acid  tartrate  of  potassium. 

The  tartrates  of  the  alcohol  radicles  are  unimportant.  Tartrate 
of  ethyl  may  be  decomposed  by  heating  with  alcoholic  potash,  and 
the  acid  tartrate  of  potassium  subsequently  precipitated  by  adding 
excess  of  acetic  acid. 

1007.  Commercial  Tartaric  Acid  is  liable  to  contain 

the  same  impurities  as  citric  acid,  and  is  examined  in  a  similar 
manner  (see  par.  1045  e^  seq.).  It  is  also  said  to  have  been  adulter- 
ated with  alum  and  acid  sulphate  of  potassium,  the  presence  of 
either  of  which  would  be  indicated  by  the  ash  left  on  ignition  and 
the  formation  of  a  notable  precipitate  on  addition  of  barium 
chloride  to  the  aqueous  solution. 

Of  late  the  commercial  value  of  citric  acid  has  been  several 
pence  per  lb.  lower  than  that  of  tartaric  acid.  Hence  there  is  a 
possibility  of  the  latter  acid  being  adulterated  with  citric  acid, 
though  the  difference  in  price  is  not  so  great  as  to  make  the 
substitution  very  probable.  Methods  of  separating  tartaric  acid 
and  citric  acid  are  described  in  pars.  1044  and  1048. 

1008.  Tartaric  Acid  Liquors  are  the  liquids  resulting 
from   the  decomposition  of    calcium   tartrate  by  sulphuric  acid. 
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They  arc  of  a  very  complex  character,  containing : — ^free  tartaric 
acid ;  foreign  organic  acids ;  sulphuric  acid,  and  sulphates  of  cal- 
cium, potassium,  iron,  and  aluminium  ;  phosphates ;  and  bodies  of 
an  indefinite  nature.  Their  analytical  examination  is  limited  to 
the  detcimination  of  the  tartaric  and  free  sulphuric  acid,  with  the 
additional  estimation,  in  some  cases,  of  the  total  organic  acids. 

1009.  The  determination  of  the  tartaric  add  is  best  effected  by 
precipitation  as  the  acid  potassium  salt  Acetate  of  potassium  is 
the  best  reagent  for  pure  liquors,  but  it  is  inapplicable  in  presence 
of  iron  or  aluminiimi.  Citrate  of  potassium  is  free  from  this 
objection,  and  is  best  employed  in  the  following  manner : — 

A  quantity  of  liquor,  of  30  to  40  c.c.  in  volume,  as  cold  as 
possible,  and  containing  from  2  to  4  grammes  of  tartaric  acid,  is 
treated  with  a  saturated  aqueous  solution  of  tripotassic  citrate,^ 
added  drop  by  drop  with  constant  stirring.  As  soon  as  the  free 
sulphuric  acid  is  satisfied,  the  precipitate  begins  to  appear  in  streaks 
on  the  sides  of  the  glass  In  presence  of  much  sulphuric  acid,  a 
fine  precipitate  of  potassium  sulphate  wUl  precede  the  formation  of 
the  acid  tartrate,  but  is  readUy  distinguished  therefrom.  When 
the  streaks  begin  to  appear,  1  c.c.  of  citrate  solution  is  added  for 
every  gramme  of  tartaric  acid  supposed  to  be  present.  A  great 
excess  should  be  avoided.  Should  a  gelatinous  precipitate  be 
formed,  the  experiment  is  repeated  with  a  previous  addition  of 
some  citric  acid.  After  stirring  continuously  for  ten  minutes,  the 
precipitate  is  waslied  two  or  tliree  times  with  25  c.c.  of  a  5  per 
cent,  solution  of  potassium  chloride,  saturated  with  potassium 
bitartrate.  The  precipitate  is  then  collected  on  a  small  filter  and 
washed  with  the  same  solution,  until  the  acidity  of  the  filtrate  is 
only  slightly  in  excess  of  that  of  the  solution  used  for  washing  the 
precipitiite.  The  filter  and  precipitate  are  finally  transferred  to  a 
beaker,  and  the  amount  of  tartaric  acid  present  is  determined  by 
titration  with  standard  alkali  set  against  bitartrate  of  potassiimi, 
litmus  or  phenolphthalein  being  used  as  the  indicator.  The 
j)rescnce  of  potassium  sulphate  in  the  precipitate  is  of  no  conse- 
quence, as  it  has  no  neutralising  power. 

SouKitimes,  however,  an  acid  citrate  of  potassium  is  dragged 
down  by  the  tartrate,  and  tliis  is  obstinately  retained.  It  is  best 
got  rid  of  by  dissolving  the  precipitiite  in  50  c.c.  of  hot  water, 
adding  5  grammes  of  potassium  chloride,  and  cooling  the  liquid 
(juickly  to  15°,  stirring  continually,  and  continuing  the  agitation 
for  ten  minutes.  This  purified  precipitate  may  be  washed  with  the 
ordinary  washing  fluid  with  great  case,^  but  a  correction  of  one-half 

*  Obtained  by  neutralising  citric  acid  by  pure  potasli  or  potassium  carbonate. 
'  The  filtrate  may  be  tested  for  citric  acid  by  neutralising  it  with  soda,  and 
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per  c^t.  on  the  tartaric  acid  found  must  be  made  for  unavoidable 
loss  in  the  process  of  purification. 

Under  favourable  circumstances,  determinations  by  the  above 
method  show  from  99  to  100  per  cent,  of  the  tartaric  acid  present, 
but  much  greater  variations  occur  if  the  proper  proportion  of  citrate 
is  departed  from.  Grosjean  concluded  that,  when  an  accurate 
assay  of  factory  tartaric  acid  liquors  was  required,  a  preliminary 
series  of  experiments  was  necessary  to  ascertain  what  volume  of 
citrate  solution  gave  a  precipitate  of  maximum  acidity.  This 
having  been  ascertained,  a  final  experiment  should  bo  made,  using 
the  proper  quantity  of  citrate  solution,  and  washing  the  precipitate 
very  thoroughly.  In  presence  of  much  sulphuric  acid,  the  results 
have  a  tendency  to  be  in  excess  of  the  truth.  From  very  old  bad 
liquors,  potassium  cdum  may  be  precipitated  on  adding  the  citrate 
solution,  owing  to  the  formation  of  potassium  sulphate  and 
the  sparing  solubility  of  alum  in  solutions  of  that  salt.  When 
alum  has  been  precipitated  the  results  will  be  below  the  truth,  as 
on  washing  with  the  potassium  chloride  solution  a  fluid  is  formed 
in  which  potassium  bitartrate  is  readily  soluble.  If,  on  the  other 
hand,  an  alcoholic  washing  liquid  be  substituted,  the  alum  is  re- 
tained in  the  precipitate,  and  increases  the  final  acidity.  The  diffi- 
culty may  be  avoided  by  adding  phosphoric  acid  before  the  citrate 
solution,  but  the  filtration  must  be  efifected  immediately  after  the 
stirring,  or  a  gelatinous  precipitate  of  aluminium  phosphate  may  be 
thrown  down. 

1010.  Racemic  acid^  if  present,  will  be  estimated  as  tartaric  acid 
by  the  above  method.  Inactive  and  meta-tartaric  acids  are  only 
imperfectly  precipitated,  owing  to  the  greater  solubility  of  their 
potassium  salts.  Oxalic  acid  has  been  detected  in  old  liquors,  but 
does  not  interfere  with  the  results. 

1011.  The  determination  of  the  free  sulphuric  acid  in  tartaric 
acid  liquors  is  troublesome,  owing  to  the  insolubility  of  potassium 
and  calcium  tartrates  in  alcohol,  and  to  the  occasional  presence  of 
alum.  Thus,  if  mixed  solutions  of  potash-alum  and  tartaric  acid 
are  treated  with  alcohol,  potassium  hydrogen  tartrate  and  alum  are 
precipitated,  and  the  liquid  contains  free  sulphuric  acid,  which  was 
not  present  originally.  A  similar  reaction  occurs  if  sulphate  of 
calcium  be  substituted  for  the  alum.  These  errors  are  removed 
when  the  quantity  of  free  sulphuric  acid  in  the  liquor  is  sufficiently 
great,  and  will  occur  in  practice  merely  in  the  case  of  new  liquors 
of  bad  quality.     The  following  process  is  the  best  for  the  deter- 

adding  calcium  chloride.  After  prolonged  standing  in  the  cold  and  filtration 
from  a  little  calcium  tartrate,  the  solution  is  boiled,  when  any  precipitate  will 
consist  of  calcium  citrate. 
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mination  of  the  free  sul])hurie  acid ; — From  5  to  30  t.c  of  Ihe 
liquor  is  slowly  dropped  into  100  c.c  of  90  per  cent  alcohol,  with 
continual  stirring.  (If  the  liquor  he  concentrated  and  of  bad  qutility, 
it  should  be  previously  diluted  with  an  equaJ  bulk  of  water.)  The 
precipitate  contains  sulphates,  aluminium  phosphate,  &c  The 
solution  is  filtered  after  twenty-four  hours,  the  precipitate  washed 
with  alcohol,  and  the  filtrate  precipitated  with  an  alcoholic  solution 
of  calcium  chloride.  The  precipitate  is  filtered  off,  slightly  washed 
with  alcohol,  and  ignited  to  destroy  the  tartrate.  The  ash  a 
treated  with  strong  nitric  acid,  the  excess  evaporated  off,  the 
residue  treated  with  alcohol,  and  the  insoluble  calciiun  sulphate 
collected,  ignited,  and  weighed  {Jotir.  Sac  Chan.  Ind.,  ii.  340). 

A  useful  indication  of  the  presence  of  free  sulphuric  acid  in 
tartaric  acid  liquors  is  obtained  by  treating  the  liquid  with  half  ite 
measure  of  a  saturated  aqueous  solution  of  calcium  cliloride.  A 
turbidity  due  to  the  formation  of  gypsum  occurs  immediately  in  ■ 
liquor  containing  sulphuric  iicid  equivalent  to  0'8  per  cent,  of 
brown  oil  of  vitriol,  and  in  five  minutes  when  only  O'l  per  cent. 
of  oil  of  vitriol  is  present  (Gro^ean,  Jow,  Soe.  Chfm.  Ind.,  a. 
340). 

1012.  For  the  determination  of  the  total  onjaniraeicU  in  tartma 
acid  liquors,  R.  Wurington  recommends  the  following  method 
(Jow.  Chcm.  Soc,  sxviii.  982)  : — Exactly  neutralise  a  known  mea- 
sure of  the  liquor  with  standard  caustic  alkali,  evaporate  to  dif- 
ness,  and  ignite  the  residue  at  a  very  low  temperature  till  the 
carbon  is  nearly  consumed.  Treat  the  ash  with  a  known  quanti^ 
of  standard  sulphuric  acid,  beat  and  decant,  and  treat  the  insoluble 
residue  with  more  standard  acid,  concentrating,  if  necessai;,  to 
effect  solution  of  the  phosphates.  Treat  the  mixed  cold  conCAfr 
trated  solutions  with  sufficient  Rochelle  salt  (KNaT)  to  keep  an; 
alumina  in  permanent  solution,  and  then  titrate  the  solution  with 
standard  alkali  and  litmus.  The  amount  of  standard  sulphuric 
acid  neutralised  hy  the  mh  is  the  exact  equivalent  of  the  total 
oiganic  acid  in  the  liquor  taken,  and  each  ce.  of  normal  add 
neutralised  represents  '0T5  grammes  of  organic  acid,  expressed  in 
terms  of  taitaric  acid. 

1013.  Lees;  Argol;  Tartar.— These  are  products  of  &B 
fermentation  of  grape  juice ;  they  consist  largely  of  bitartrafee  of 
potassium,  and  are  the  materials  from  which  tartaric  acid  and 
tartrates  are  extracted.  Their  formation  is  due  to  the  diminidiod 
solubility  of  the  tartrates  in  the  alcoholic  liquid  produced  h;  ths 
fermentation. 

1014.  Lkbs  is  the  solid  matter  collected  from  the  bottom  of  the 
vessels  in  which  the  grape-juice 
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Its  composition  is  greatly  altered  by  "  plastenng "  the  wine. 
This  process  consists  in  adding  to  the  wine  some  "  Yeso,"  which  is 
essentially  an  impure  calcium  sulphate  containing  some  carbonate. 
"  Spanish  earth,"  a  kind  of  readily  decomposed  clay,  is  sometimes 
employed.  The  result  is,  that  in  plastered  lees  the  tartrate  exists 
chiefly  as  the  neutral  calcium,  instead  of  the  acid  potassium  salt, 
The  total  tartaric  acid  in  lees  is  usually  from  24  to  32  per  cent. 
Lees  contain  from  30  to  40  per  cent,  of  indefinite  vegetable  matter, 
the  remainder  being  tartrates,  sulphates  (in  plastered  lees),  oxide  of 
iron,  alumina,  phosphoric  acid,  and  sometimes  lumps  of  plaster, 
water,  &c. 

1015.  Arool,  or  Crude  Tartar,  is  the  crystalline  crust  deposited 
on  the  sides  of  the  vessels  used  for  the  fermentation.  It  exhibits 
some  variety  of  composition,  the  tartaric  acid  ranging  from  40  to 
70  per  cent.,  and  being  always  present  chiefly  as  acid  potassium 
tartrate.  Very  low  argols  resemble  superior  lees,  while  first-class 
argols  are  equal  to  ordinary  refined  tiutar.  The  term  "  argol "  is 
also  applied  loosely  to  both  tartar  and  lees.  In  argol,  globules  of 
sulphur  are  sometimes  found ;  they  are  due  to  the  sulphur  burnt 
in  the  casks  before  introducing  the  wine. 

1016.  Cream  of  Tartar,  or  Refined  Tartar,  is  prepared  by 
boiling  crude  tartar  (argol)  with  water,  filtering,  and  ciystallising  the 
salt  from  the  clear  liquid.  The  tenn  "  cream  "  of  tartar  is  derived 
from  the  fact  that  during  the  evaporation  of  the  liquid  the  salt  is 
deposited  in  white  crystalline  crusts  on  the  surface  of  the  solution. 
Cream  of  tartar  thus  obtained  consists  chiefly  of  potassium 
hydrogen  tartrate,  KHC^H^O^,  but  it  always  contains  more 
or  less  calcium  tartrate,  which,  though  nearly  insoluble  in 
pure  water,  dissolves  with  moderate  facility  in  a  hot  solution  of 
the  acid  tartrate  of  potassium.  The  proportion  of  calcium  tartrate 
normally  present  in  commercial  cream  of  tartar  varies  from  2  to  9 
per  cent.,  and  any  proportion  present  in  excess  of  10  per  cent, 
may  be  considered  as  an  adulterant  (see  a  paper  by  the  Author, 
Analyst,  v.  114).  In  addition  to  containing  calcium  tartrate, 
commercial  cream  of  tartar  is  sometimes  adulterated  to  a  consider- 
able extent,  the  sulphates  of  potassium  and  calcium  being  occa- 
sionally used,  in  addition  to  marble,  alum,  and  barium  sulphate. 

1017.  Potassium  hydrogen  sulphate,  KHSO^  is  sold  under  the 
name  of  "tartalin  e,"  and  employed  as  a  substitute  for  cream  of 
tartar  in  baking  powders,  &c.  It  has  a  higher  neutralising  power 
than  real  cream  of  tartar,  and  hence  is  sometimes  diluted  with  potato- 
starch,  the  mixture  being  sold  as  "  cream  of  tartaraline." 

1018.  Assay  op  Tartar,  Argol,  &c. — For  the  detection  of  adut- 
terants  in  cream  of  tartar,  the  following  tests  may  be  applied  : — 
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a.  The  sample  should  be  ignited,  the  residue  boiled  with  water 
filtered  off,  washed,  ignited,  moistened  with  ammonium  carbonate 
gently  re-ignited,  and  weighed.  The  ''  insoluble  ash  "  thus  obtained 
from  genuine  cream  of  tartar  consists  of  the  calcium  carbonate 
corresponding  to  the  calcium  tartrate  originally  present,  and  its 
weight  may  be  calculated  to  its  equivalent  of  the  latter  by  multi- 
plying the  CaCOg  by  the  factor  1*88.  The  calcium  tartrate  thus 
foimd  should  not  exceed  10  per  cent.,  or  12  per  cent,  at  the  out- 
side. Any  higher  proportion  is  usually  due  to  adulteration  with 
compounds  of  calcium.  Sophistication  with  chloride  of  calcium  is 
said  to  have  occurred,  though  very  improbable,  but  there  are 
authentic  cases  of  adulteration  by  cJialk  and  mxirhU,  The  author 
has  found  20  per  cent,  of  calcium  sulphate  (anhydrous),^  probably 
added  as  plaster  of  Paris.  In  the  case  of  adulterated  samples,  the 
proportion  of  calcium  tartrate  cannot  be  deduced  with  accuracy 
from  the  percentage  of  "  insoluble  ash."  - 

b.  The  sample  is  boiled  with  a  moderate  excess  of  pure  sodiimi 
carbonate  and  the  liquid  filtered.  A  portion  of  the  filtrate  is  tested 
for  sulphaies  (e.g.,  calcium  sulphate,  potassium  sulphate,  and  alum) 
by  acidulating  slightly  with  hydrochloric  acid  and  adding  barium 
chloride,  and  another  for  chlorides  by  rendering  it  acid  with  nitric 
acid,  and  adding  silver  nitrate ;  traces  of  sulphates  and  chlorides 
may  be  neglected.  .  The  precipitate  produced  by  sodium  carbonate 
should  be  rinsed  off  the  filter  and  treated  with  dilute  hydrochloric 
acid.  Any  insoluble  residue  may  consist  of  sanrl  or  barium 
sulphate.  Both  the  chemical  and  microscopical  characters  may  be 
employed  to  distinguish  these,  and  to  determine  whether  the  latter 
adulterant  is  crystalline  or  amorphous. 

c.  The  presence  of  alu?n  is  indicated  by  the  detection  of  a 
notable  quantity  of  sulphates,  with  simultaneous  presence  of 
alumina  in  the  insoluble  ash.  The  alumina  cannot  be  precipitated 
by  adding  ammonia  to  the  original  solution  of  the  substance,  owing 
to  the  presence  of  tartrate ;  but  it  may  be  detected  by  neutralising 
the  hot  solution  of  the  sample  with  soda,  and  boiling  the  liquid 
with  a  little  acetic  acid  and  excess  of  sodium  phosphate.     Any 

*  This  was  calculated  from  the  weight  of  BaS04  obtained.  The  total  cal- 
cium was  considerably  in  excess  of  the  proportion  corresponding  to  20  per 
cent,  of  CaS04. 

^  Dr  E.  G.  Love,  in  a  Re]X)rt  to  the  New  York  State  Board  of  Health,  gives 
the  results  of  his  examination  of  twenty-seven  samples  of  "  cream  of  tartar." 
Of  these,  sixteen  were  adulterated,  and  from  some  cream  of  tartar  was  entirely 
absent.  Starch,  terra  alia,  and  acid  phosphate  of  calcium  were  among  the 
adulterants  found.  Five  samples  contained  upwards  of  70  per  cent  of  t^rra 
alba,  and  in  one  case  it  reached  93  per  cent 
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aluminium  present  will  be  thrown  down  as  phosphate,  tartrates 
haying  scarcely  any  solvent  action  on  the  precipitate  at  the 
temperature  of  ebullition,  and  in  presence  of  excess  of  phosphoric 
acid.  Alum  may  be  dissolved  out  of  cream  of  tartar  by  treat- 
ing the  finely  powdered  sample  with  a  cold,  saturated,  aqueous 
solution  of  potassium-hydrogen  tartrate,  containing  5  per  cent,  of 
potassium  chloride. 

1019.  The  deteiTtiination  of  the  tartaric  acid  in  tartar,  lees,  and 
argol  may  be  effected  by  various  methods,  but  the  following  processes 
of  assay,  due  to  R  Warington,  are  the  most  generally  accurate  and 
reliable: — 

a.  The  tartaric  acid  existing  as  KHT  is  determined  by  titrating 
a  hot  aqueous  solution  of  5  grammes  of  the  sample  with  standard 
alkali  and  litmus  or  phcnolphthalcin.  Each  c.c.  of  normal  alkali 
required  corresponds  to  '150  grammes  of  H2T  or  '188  of  KHT. 

h.  Another  portion  of  the  sample  (2  grammes)  is  calcined  in 
platinum  at  a  very  low  red  heat.^  The  ash  is  dissolved  in  hot  water, 
and  the  liquid,  without  filtration,  treated  with  a  moderate  excess  of 
standard  acid,  and  the  solution  boiled.  The  excess  of  acid  is  then 
ascertained  by  titrating  back  with  standard  alkali  From  the 
alkalinity  of  the  tartar  after  ignition  is  subtracted  the  alkali 
required  to  neutralise  an  equal  weight  of  the  original  tartar,  both 
expressed  in  terms  of  normal  alkali,  when  the  difference  is  the 
neutralising  power  of  the  bases  existing  as  neutral  tartrates.  1  c.c 
of  normal  alkali  is  equivalent  to  0*1131  grammes  of  KgT,  0*094 
grammes  of  CaT,  or  0*075  grammes  of  HgT  as  a  neutral  tartrate. 

c.  A  preferable  but  somewhat  more  tedious  method,  for  the  assay 
of  lees  and  argol,  is  the  direct  estimation  of  the  total  tartaric  acid 
by  precipitation  as  KHT,  after  previous  decomposition  of  the  calcium 
tartrate  by  oxalate  of  potassium.  An  amount  of  the  *powdered 
sample,  containing  about  2  grammes  of  tartaric  acid,  is  placed  in  a 
beaker,  and  heated  with  a  small  quantity  of  water  till  thoroughly 
softened.  A  strong  solution  of  neutral  potassium  oxalate  is  next 
added,  in  quantity  sufficient  to  react  with  all  the  calcium  salts 
present,  and  yet  leave  an  excess  of  about  li  grammes  of  the  salt. 
The  mixture  is  heated,  with  frequent  stirring,  for  some  time  longer. 
The  solution,  which  will  generally  be  strongly  acid,  is  now  cau- 
tiously treated  with  solution  of  pure  potash  till  dhnost  neutral. 
After  a  little  further  heating,  the  liquid  (which  slioiild  not  occupy 
more  than  40  c.c.)  is  filtered  on  to  a  small  filter.  The  residue  is  well 
washed,  and  the  washings  concentrated  on  the  water-bath  and  added 

*  Complete  combustion  of  the  carbon  is  not  to  be  expected.  If  the  sample 
contained  sulphates,  5  c.c.  of  solution  of  hydrogen  dioxide  should  be  added  to 
the  solution  of  the  ash  immediately  prior  to  the  standard  acid. 
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to  the  main  solution,  which  is  made  up  to  about  50  c.c.  A  strong 
solution  of  about  2  grammes  of  citric  acid  is  next  added,  and  the 
solution  stirred  continuously  during  ten  minutes,  to  facilitate 
precipitation  of  the  KHT.  The  precipitate  is  then  washed  in 
the  manner  described  in  par.  1009,  and  finally  dissolved  and 
titrated  with  standard  alkali  Each  cc.  of  normal  alkali  equals 
•150  gramme  of  H^T. 

This  direct  method  of  determining  tartaric  acid  in  tartars,  &c., 
gives  figures  somewhat  lower  than  those  obtained  by  the  indirect 
alkalimetric  method,  but  they  are  accurate  and  more  consistent 
with  the  practical  results  of  the  factory. 

Metallic  Tartrates. 

1020.  Tartaric  acid  contains  two  atoms  of  hydrogen  replaceable 
by  metals,  and  hence  forms  two  classes  of  metallic  salts,  viz.,  the 
neutral  tartrates,  and  the  acid-  or  bi-tartrates.  Two  additional 
atoms  of  hydrogen  are  replaceable  by  alcoholic  or  acid  radicles. 
Few  of  the  metallic  tartrates  are  readily  soluble  in  water,  and  all 
are  insoluble  in  alcohol  The  greater  number  of  the  metaUic 
tartrates,  except  tartrate  of  mercury,  are  soluble  in  ammonia.  The 
tartrates  of  the  hea^'y  metals  unite  with  the  tartrates  of  the  alkali 
metals  to  form  stable  double  tartrates  not  decomposed  on  adding 
either  a  fixed  alkali  or  ammonia.  Owing  to  the  formation  of  these 
stable  double  tartrates,  soda  and  ammonia  produce  no  precipitate 
in  solutions  of  iron,  copper,  &c.,  to  which  a  sufficiency  of  tartaric 
acid  or  a  tartrate  of  alkali-metal  has  been  previously  added.  The 
method  of  analysing  these  double  tartrates,  and  the  metallic 
tartrates  generally,  is  described  in  par.  1006. 

1021.  Potassium  Tartrates. 

The  moat  important  of  these  salts  is  the  Potassium  Hydrogen 
Tartrate,  Acid  Potassium  Tartrate,  or  Bitartrate  of  Potassium. 
KH,C4H40g  =  KHT. — This  substance  is  the  principal  constituent 
of  tartar,  argol,  and  wine-lees,  and  is  of  importance  in  the  free 
state  as  a  source  of  tartaric  acid,  and  as  a  form  for  the  determina- 
tion of  that  body. 

Pure  bitartrate  of  potassium  may  be  conveniently  prepared  by 
dividing  a  solution  of  tartaric  acid  into  two  equal  parts,  neutral- 
ising one  portion  with  potassium  carbonate,  and  adding  the  other. 
The  product  may  be  purified  by  recrystallisation  from  hot  water. 

1022.  Acid  tartrate  of  potassium  is  a  wliite  substance  forming 
hard,  trimetric  crystals.  It  is  soluble  in  240  parts  of  water  at  10° 
C.  (  =  50°  F.),  180  at  20°  C,  and  in  about  15  parts  of  boiling 
water.  In  alcoholic  liquors  it  is  much  less  soluble.  Thus  it 
requires  (at  15°  C.)  400  parts  of  a  spirit  containing  10'5  per  ceni 
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of  alcohol,  and  2000  parte  of  proof  spirit  (49*24  per  cent,  alcohol) 
for  solution.  In  still  stronger  spirit  it  is  practically  insoluble. 
The  presence  of  glucose  does  not  affect  its  solubility  in  water  or 
weak  spirit ;  but  the  presence  of  certain  salts  and  acids  has  great 
influence.  This  is  shown  by  the  following  table  by  Warington,  in 
which  the  effect  of  water  containing  equivalent^  quantities  of 
various  acids  is  given.  For  comparison  with  them,  experiments 
were  also  made  with  solutions  containing  equivalent  amounts  of 
acetic  and  citric  acids  neutralised  by  potash.  AU  the  experiments 
were  made  at  14°  C.  : — 


Grammes  of  Acid  or 

Grammes  of  KHT 

Solvent. 

Salt  in  100  cc.  of 

Dissolved  by  100  cc. 

Solvent. 

of  Solvent. 

Water, 

•  •  • 

•422 

Acetic  acid,     . 

•8106 

•422 

Tartaric  acid, . 

1  0331 

•322 

Citric  acid, 

•8448 

•546 

SalDhnric  acid, 
Hyarochloric  acid,  . 

•6853 

1^701 

•5037 

1-949 

Nitric  acid,     . 

•8445 

1-969 

Potassium  acetate,  . 

1-3876 

•744 

Potassium  citrate,   . 

1  3966 

•843 

These  results  are  of  importance  in  the  estimation  of  tartaric  acid 
as  KHT.  Clearly  free  mineral  acids  should  not  be  present,  nor 
any  large  excess  of  potassium  acetate  or  citrate.  On  the  other 
himd,  solutions  of  the  sulphate,  nitrate,  and  especially  the  chloride 
of  potassium  have  very  little  solvent  action  on  the  precipitated  acid 
tartrate.  Thus  the  solubility  of  the  acid  potassium  tartrate  at  12° 
C.  ia  1  part  in  3213  of  a  5  per  cent,  solution  of  potassium  chloride, 
and  only  1  in  4401  of  a  10  percent,  solution  of  the  same  salt. 

Acid  tartrate  of  potassium  dissolves  many  metallic  oxides, 
forming  double  tartrates ;  tartar-emetic,  K(SbO)T,  is  a 
compound  of  this  character. 

Gream  of  tartar  consists  chiefly  of  bitartrate  of  potassium.  Its 
composition  and  the  mode  of  assaying  it  are  considered  in  par.  1016. 

When  acid  tartrate  of  potassium  is  treated  with  solution  of 
potassium  carbonate  or  hydrate  imtil  the  liquid  ceases  to  redden 
litmus  paper,  there  results : — 

1023.  DiPOTASsnTM  Tartrate  ;  Neutral  Tartrate  of  Potassium, 
lS^Gfifi^=^^'  This  salt  forms  very  soluble  monoclinic  prisms. 
l^en  its  solution  is  treated  with  an  acid,  KHT  is  precipitated. 

^  Not  equal  weights,  bat  amounts  of  acid  requiring  equal  quantities  of 
alkali  fixr  Uieir  neatnlieation. 
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1024.  Potassium-sodium  Tabtratb,  or  Boghelle  Salt,  KSbT 
is  produced  by  neutralising  cream  of  tartar  with  soda  or  sodium 
carbonate.  It  forms  large  rhombic  prisms,  containing  four  atoms 
of  water,  and  is  very  readily  soluble.  Addition  of  acetic  acid  pre- 
cipitates crystalline  KHT.  This  reaction  distinguishes  it  from  the 
neutral  sodium  tartrate,  JS'a2T+2H20. 

1025.  Seidlitz  Poiodera  are  largely  composed  of  Bochelle  salt 
There  is  no  preparation  of  the  sort  in  the  British  Pharmacopoeia, 
but  the  dispensaries  of  other  nations  have  powders  of  the  following 
compositions  : — 

Tutaric  Bochelle  Sodium  Hjdrosen 

Add.  Salt  Carbonate. 

French,  .31  grains.        93  grains.  81  grains. 

German,    .  .     31      „  116      ,,  38      ,, 

United  States,  .        .     35      ,,  120      ,,  40      „ 

The  preparations  commonly  sold  in  England  as  Seidlitz  powders 
are  of  very  varied  composition.  A  normal  preparation  may  be 
regarded  as  containing  80  grains  of  EocheUe  salt  in  admixture  with 
40  of  bicarbonate  of  sodium,  while  the  white  paper  contains  35  grains 
of  tartaric  acid.  A  proportion  largely  employed  for  the  blue  paper 
is  a  mixture  of  three  parts  of  Rochelle  salt  with  one  of  sodium 
bicarbonate.  "  Double  Seidlitz  powders  "  contain  about  the  same 
amounts  of  acid  and  sodium  bicarbonate,  together  with  a  consider- 
ably larger  quantity  of  Rochelle  salt.  Sometimes  the  Rochelle 
salt  is  largely,  and  occasionally  entirely,  replaced  by  sodium 
bicarbonate.  Such  a  preparation  would  be  of  a  strongly  alkaline 
character,  and  notably  different  from  Seidlitz  powder  of  the  normal 
composition.  On  the  other  hand,  if  the  acid  be  in  excess,  the 
powder  is  apt  to  produce  a  turbid  solution  with  water,  owing  to 
formation  of  cream  of  tartar. 

In  examining  so-called  Seidlitz  powders,  the  absence  of  notable 
proportions  of  sulphates  should  be  proved,  as  a  substitution  of  acid 
potassium  sulphate  for  tartaric  acid  is  not  unlikely  to  occur.  Some 
powders  receive  an  addition  of  magnesium  sulphate,  or  a  minute 
quantity  (yJo"  grain)  of  tartar  emetic,  while  others  are  flavoured 
with  lemon  or  ginger,  and  sweetened  with  sugar.  Potassium 
chlorate  is  a  constituent  of  certain  patent  remedies  of  the  nature 
of  Seidlitz  powders. 

1026.  Potassium-ferric  Tartrate.  Potassio-tartrate  of  iron. 
KgFe'^Tg. — Prepared  by  adding  precipitated  ferric  hydrate  to 
cream  of  tartar,  and  then  treating  with  cold  water.  It  constitutes 
the  Ferrum  Tartaratum  of  Pharmacy.  The  solution  acidulated 
with  hydrochloric  acid  should  give  a  copious  blue  precipitate  with 
the  ferrocyanide,  but  none  with  the  ferricyanide  of  potassium.     It 
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should  contain  30  per  cent,  of  re203,  as  estimated  from  the  weight 
of  the  ash  insoluble  in  water. 

1027.  Potassium  Antimonyl  Tartrate;  Tartarised  Antimony  ; 
Tartar-emetic.  French— Tar/re  Stihie.  lL{^hOyQJS.fi^.—ThiB 
important  remedy  is  prepared  Ijy  mixing  antimonious  oxide  (Sb^Og) 
with  cream  of  tartar,  and  subsequently  adding  water,  boiling, 
filtering,  and  crystallising.  The  crystals  contain  half  a  molecule 
of  water.  Cold  water  dissolves  7  per  cent.,  and  boiling  water  53 
per  cent,  of  the  salt ;  the  solution  has  an  acid  reaction.  Ardi- 
monicU  wine  is  an  official  solution  of  40  grains  of  tartar-emetic  in 
a  pint  of  sher^. 

Tartar-emetic  is  now  extensively  employed  for  fixing  certain 
coal-tar  colours  on  cotton,  its  value  for  this  purpose  depending  on 
the  content  of  antimony.  It  is  frequently  largely  adulterated, 
the  percentage  of  antimony  being  sometimes  scarcely  one-half  of 
that  present  in  the  pure  substance. 

1028.  The  antimony  may  be  conveniently  determined  volu- 
metrically.  The  sample  is  dissolved  in  water,  and  bicarbonate  of 
sodium  added  to  the  solution.  Excess  of  a  standard  solution  of 
calcium  hypochlorite  is  then  added.  The  excess  is  found  by 
titrating  back  with  a  decinormal  solution  of  arsenite  of  sodium, 
until  a  drop  of  the  liquid  ceases  to  give  a  blue  colour  with  iodide  of 
potassium  and  starch.  The  strength  of  the  hypochlorite  solution 
is  found  by  taking  a  measure  equal  to  that  added  to  the  antimony 
solution  and  titrating  with  arsenite  as  before.  1  c.c.  of  a  solution 
containing  4*95  grammes  of  pure  arsenious  oxide  per  litre  has  the 
same  reducing  power  as  '0060  gramme  of  Sb  or  '0072  of  SbgOg. 

1029.  Potassium  Antimonium  Oxalate,  SV"K^{C20^^+  Q^fi,  is 
now  used  as  an  adulterant  of,  and  substitute  for,  tartar-emetic.  It 
is  readily  soluble,  does  not  blacken  on  ignition  or  on  heating  with 
sulphuric  acid,  and  gives  a  white  precipitate  on  adding  calcium 
chloride  to  the  solution  previously  acidified  with  acetic  acid.  Tho 
salt  contains  only  23*7  per  cent,  of  SboOg. 

1030.  The  Tartrates  of  Ammonium  closely  resemble 

the  corresponding  potassium  salts,  but  are  wholly  volatile  on 
ignition. 

1031.  Calcium  Tartrates.  The  neutral  tartrate, 
CaC^H^Og  =  CaT,  is  a  natural  constituent  of  the  tartarous  deposit 
from  wine,  the  proportion  contained  being  much  increased  if 
the  wine  has  been  "plastered"  (see  par.  190).  It  also  consti- 
tutes the  greater  part  of  the  residue  obtained  on  treating  commercial 
tartars  with  hot  water.  Tartrate  of  calcium  is  like^vise  precipitated 
as  a  crystalline  powder  containing  4  Aq.,  by  adding  excess  of 
calcium  chloride  to  a  solution  of  neutral  tartrate.     It  is  soluble  in 
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6266  parts  of  water  at  15°  C.  (  =  59°  R),  and  in  352  parts  of  boU- 
ing  water.  Free  acids  and  cream  of  tartar  dissolve  it  readily  ;  and 
hence  it  is  frequently  present  in  notable  quantity  even  in  purified 
tartars  (page  443).  These  solutions  are  precipitated  by  ammonia, 
either  immediately  or  after  some  time.  Calcium  tartrate  is 
soluble  in  ammonium  chloride  and  in  cold  caustic  alkali,  the 
latter  solution  being  reprecipitated  on  boiling.  By  digestion  with 
a  hot  neutral  solution  of  cupric  chloride  it  is  converted  into 
insoluble  cupric  tartrate.  This  reaction  distinguishes  it 
from  calcium  citrate^  but  the  reaction  fails  with  mixtures  contain- 
ing a  large  proportion  of  citrate.  The  tartrate  differs  from  the 
racemate  and  oxalate  of  calcium  by  its  solubility  in  acetic  acid. 

Moist  tartrate  of  calcium,  if  kept  warm,  undergoes  fermentation 
and  forms  butyracetate  of  calcium. 

The  acid  tartrate  of  calcium  is  sparingly  soluble;  in 
solution  it  is  unstable,  the  liquid  gradually  depositing  crystals  of  the 
neutral  salt. 

1032.  Calcium  Racbmatb,  GsLG^KfiQ+ Ali^O,  is  even  less  soluble 
in  water  than  calcium  dextro-tartrate,  and  is  precipitated  in  fine 
needles  on  adding  calcium  sulphate  to  a  soluble  racemate,  or  even  to  a 
solution  of  free  racemic  acid.  Calcium  racemate  resembles  the  oxalate 
in  being  insoluble  in  acetic  acid.  It  dissolves  in  hydrochloric  acid 
to  form  a  solution  which  is  at  once  precipitated  on  adding  ammonia, 
whilst  the  dextro-tartrate  is  not  precipitated  till  after  some  hours. 

1033.  Calcium  Mesotartr ATE,  CaC4H^Og4-3H20,  forms  bright, 
glistening  crj'stals  which  dissolve  in  600  parts  of  boiling  water,  and 
separate  very  gradually  on  cooling.  Like  the  racemate,  calcium 
mesotartrate  is  insoluble  in  acetic  acid,  but  is  not  precipitated  by 
adding  calcium  sulphate  to  a  solution  of  free  mesotartaric  acid. 

1034.  Tlie  assay  oi  crude  calcium  tartrate  is  best  conducted,  accord- 
ing to  L.  Weigert  (Zeits.  Anal,  Chem,,  1884,  357),  by  heating  5 
grammes  of  the  sample  for  an  hour  or  two  at  1 00°  C.  with  30  c.c 
of  a  10  per  cent,  solution  of  potassium  carbonate.  The  liquid  is 
then  filtered,  and  the  residue  thoroughly  washed  with  hot  water. 
The  filtrate  is  concentrated  to  5  c.c.  and  treated  with  5  c.c.  of 
strong  acetic  acid,  the  mixture  being  thoroughly  agitated.  100  cc 
of  rectified  spirit  should  next  be  added,  and  the  whole  allowed  to 
rest  for  several  hours,  when  the  liquid  is  filtered  and  the  precipi- 
tate of  tartar  washed  with  about  100  c.c.  of  rectified  spirit,  or 
until  10  cc.  of  the  washings,  after  dilution  with  20  cc.  of  water, 
requires,  for  neutralisation,  only  one  or  two  drops  of  standard  alkali, 
of  which  1  cc.  corresponds  to  0*010  gramme  of  tartaric  acid,  or 
0-02508  of  KHf .  The  precipitate  of  tartar  is  dissolved  in  hot 
water  and  titrated  with  this  solution,  and  to  the  quantity  found 
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0'0165  gramme  is  added  as  a  correction  for  solubility  in  the  above 
quantities  of  solutions ;  or,  if  5  grammes  of  the  sample  be  em- 
ployed, 0'33  per  cent,  of  KHT  must  be  added  to  the  amoimt 
found. 

The  carbonate  in  crude  calcium  tartrate  cannot  be  estimated  by 
titration.  It  is  best  ascertained  from  the  amoimt  of  carbon  dioxide 
gas  evolved  on  treatment  with  acid. 

For  further  information  on  tartrate  of  calcium  and  the  methods 
of  determining  it  in  tartarous  deposits  see  par.  1018  e^  seq. 

1035.  Gupric  Tartrate^  Cu"T,  is  a  nearly  insoluble,  blue, 
crystalline  powder,  obtained  by  precipitating  a  neutral  soluble 
tartrate  by  a  neutral  solution  of  cupric  sulphate  or  chloride,  or  by 
digesting  calcium  tartrate  with  a  hot  neutral  solution  of  cupric 
chloride.  Cupric  tartrate  is  soluble  in  ammonia,  soda,  and  potash. 
The  copper  in  the  solutions  so  obtained  is  readily  reduced  to  the 
cuprous  condition  when  heated  with  glucose  or  other  reducing 
agents,  and  hence  alkaline  solutions  of  cupric  tartrate  afford  a 
valuable  test  for  such  bodiea  Various  methods  of  preparing  such 
solutions  have  been  proposed,  but  the  reagent  most  generally  em- 
ployed is  that  known  asFehling's  solution,  which  is  fully 
described  in  par.  530  e^  seq. 

1036.  For  the  detection  of  a  reducing  substance  by  Fehling's 
solution,  it  is  merely  necessary  to  heat  the  clear  and  neutralised 
solution  of  the  body  to  the  boiling  point  with  twice  its  measure  of 
the  cupric  solution.  In  some  cases,  the  reduction  occurs  in  the 
cold,  or  on  very  gently  warming  the  liquid.  If  a  yellow  or  orange 
precipitate  or  turbidity  of  cuprous  oxide,  CugO,  be  pro- 
duced, a  reducing  substance  is  present. 

1037.  The  following  table  shows  the  behaviour  of  various  sub- 
stances when  their  neutralised  solutions  are  heated  to  boiling  with 
Fehling's  solution : — 


The  Cupric  Solution  is 

REDUCED  by 

Carbohydrates,  <fec. — Dextrose,  laevu- 
lose,  maltose,  mannitose,  milk- 
sngar,  galactose,  arabinose,  gallisin. 

Alcohols,  Phenols,  dec  —  Aldehyde, 
chloral,  chloroform,  valeraldehyde, 
resorcinoL 

Organic  Adds. — Pyrogallic,  gallotan- 
nic,  trichloracetic. 


Inorgamic  Adda.  — ^Arsenioos. 


The  Cupric  Solution  is 

NOT  REDUCED  by 

Carbohydrates,  Ac — Mamiite,  dolcite, 
sucrose,  inosite,  cellulose,  dextrin, 
arabin. 

Alcohols,  PhcTiols,  <fec.  —  Alcohol, 
glycerin,  phenol,  benzoic  aldehyde, 
salicylic  aldehyde. 

Organic  Acids, — Acetic,  lactic,  suc- 
cinic, oxalic,  tartaric,  citric,  gallic, 
saccharic,  mucic,  gluconic,  lactonic, 
benzoic,  salicylic. 

Inorganic  Acids, — Sulphurous. 
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French — Acide  Citrique.     German — Citronsaure. 
CAO,  =  H,C,H A = ^^^'^""^  }  O., = HjCi. 

Citric  acid  occurs  in  a  free  state  in  the  juice  of  the  whole  genus 
of  plants  Citrus  (order,  Auranti€Lce(B\  and  also  in  the  goosebeny, 
cranberry,  currant,  tamarind,  and  many  other  fruits.  The  lemon, 
lime,  and  bergamot  are  the  fruits  from  which  it  is  extracted.  It 
has  also  been  manufactured  from  unripe  gooseberries,  which  yield 
about  1  per  cent,  of  their  weight  of  citric  acid,  besides  containing 
malic  acid.  Good  lemons  yield  about  5  J  per  cent,  of  crystallised 
citric  acid.  Citrates  of  calcium  and  potassium  are  also  widely 
distributed  in  the  vegetable  kingdom. 

1 039.  Citric  acid  is  prepared  from  lime,  lemon,  or  bergamot  juice, 
by  neutralising  the  liquid  with  chalk,  decomposing  the  resultant 
calcium  citrate  by  an  equivalent  amount  of  sulphuric  acid,  and 
evaporating  the  liquid  to  the  crystallising  point. 

Citric  acid  has  been  obtained  synthetically  by  Grimaux  and 
Adam,  and  also  by  Kekul^. 

1040.  Citric  acid  usually  occurs  as  a  crystalline  powder,  or  in 
transparent  colourless  prisms  belonging  to  the  trimetric  system. 
In  the  trade,  citric  acid  crystals  are  always  assumed  to  have  the  ' 
composition  ^C^fi^  +  H^^^  ^^^  seventeen  samples  from  various 
makers  were  found  by  Warington  to  contain  from  8*46  to  9*35 
per  cent,  of  water,  the  average  being  8*72  per  cent.^  This  result 
agrees  with  the  formula  CgHgO^  +  HoO,  which  requires  8*57  per 
(;ent.  of  water. 

1041.  Crystallised  citric  acid  melts  at  100°  C,  but  the  previously 
dehydrated  acid  fuses  at  153°,  and  on  further  heating  to  about 
175°  decomposes  into  water  and  aconitic  acid,  CgHgOg.^     On 

*  In  detennining  the  water  in  citric  acid,  it  is  necessary  to  dry  the 
[wwdered  sample  for  some  hours  at  50'  to  60°  C,  and  then  gradually  to  raise 
the  temperature  to  100"  C.  Some  samples  lose  their  water  much  more  readily 
than  others  ;  many  samples  effloresce  in  warm  dry  air. 

'  Aconitic  Acid,  HgC^HgOg,  is  an  unimportant  acid  occurring  as  a  calcium 
.salt  in  Aconitum  napellus  and  other  plants  of  the  same  genus.  It  also  exists 
as  a  magnesium  salt  in  Equisetum  Jluviatile.  It  is  a  product  of  the  dehydra- 
tion of  citric  acid,  and  is  occasionally  found  in  citric  acid  liquors.  Aconitic 
acid  also  occurs  in  the  juices  of  the  sugar-cane,  beet-root,  and  sorghum-cane. 

Aconitic  acid  crystallises  with  difficulty  in  colourless,  warty  masses,  or 
small  four-sided  plates,  and  is  resolved  into  liquid  itaconic  acid,  CgHfi^t 
by  heating  to  187**  C.  Aconitic  acid  is  readily  soluble  in  water,  alcohol,  and 
ether.  Anhydrous  ether  may  be  employed  to  separate  it  from  citric  acid. 
Aconitic  acid  crystallises  more  readily  than  maleic,  and  is  more  soluble  in 
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dry  distillation,  citric  acid  yields  carbon  dioxide,  acetone, 
and  the  two  isomeric  acids,  itaconic  and  citraconic, 
CgHgO^  which  bodies  are  also  produced  by  heating  citric  acid 
under  pressure  with  water  or  a  dilute  acid. 

1042.  Citric  acid  has  a  strong,  but  pleasant  acid  taste.  Four 
parts  of  citric  acid  dissolve  in  three  parts  of  cold,  or  two  of 
boiling  water,  the  hot  saturated  solution  readily  depositing 
crystals  of  the  acid  on  cooling.  The  solution  of  citric  acid  has 
no  rotatory  action  on  a  ray  of  polarised  light 

Aqueous  solutions  of  citric  acid  readily  turn  mouldy.  When 
mixed  with  chalk  and  yeast,  and  exposed  to  a  temperature  of  about 
25°  C,  the  solution  ferments,  with  formation  of  acetate  and 
butyrate  of  calcium. 

Citric  acid  is  very  soluble  in  aqueous  and  in  absolute  alcohol,  but 
is  nearly  insoluble  in  ether,  chloroform,  benzene,  or  p^roleum  spirit. 

1043.  When  heated  with  syrupy  phosphoric  acid,  citric  acid  gives 
off  carbonic  oxide,  carbonic  acid,  acetone,  and  other  products.  A 
similar  reaction  occurs  on  heating  with  concentrated  sulphuric  acid, 
but  sulphur  dioxide  is  evolved  in  addition,  and  more  or  less  colouring 
ensues  (par.  1006,  a).  Heated  with  an  alkali,  it  yields  an  oxalate 
and  acetate :— CgHg^y  +  4KH0  =  K^CgO^  +  2KC2H8O2 + 3H2O. 

When  citric  acid  is  heated  with  dilute  sulphuric  acid  and 
manganese  dioxide,  or  an  acidulated  solution  of  potassium 
permanganate,  it  is  oxidised  with  formation  of  carbon  dioxide  and 
acetone. 

Bromine  and  chlorine  act  on  a  solution  of  sodium  citrate  in 
sunlight,  with  formation  of  pentabrom-  and  pentachlor-^cetone  re- 
spectively. 

1044.  Detection  and  Determination  of  Citric 
Acid  and  Citrates. 

water  than  fiimaric  acid  (par.  994).  Its  aqueous  solution  has  a  decided  acid 
reaction,  and  a  sour  taste. 

Many  of  the  aconitates  are  insoluble.  Mercurotis  aconitate  is  precipi- 
tated on  adding  mercurous  nitrate  to  a  solution  of  free  aconitic  acid.  AconitaU 
of  ealciumt  CagCC^HsOf),  +  6H,0,  forms  small  crystals  which  require  100  parts 
of  cold  water  for  solution,  but  are  much  more  soluble  in  boiling  water. 
Hence  aconitic  acid  gives  no  precipitate  with  lime  water  either  in  the  cold  or 
in  boiling,  a  behaviour  which  distinguishes  it  from  citric  acid.  If  the  solution 
of  calcium  aconitate  be  treated  with  lead  acetate,  insoluble  aconiUUe  of  lead  is 
precipitated,  which,  when  decomposed  by  sulphuretted  hydrogen,  yields  free 
iiconitic  acid. 

"When  perfectly  free  from  citric  acid,  aconitic  acid  does  not  prevent  the 
precipitation  of  ferric  solutions  by  ammonia.  Citric  acid  may  be  detected  in 
aconitic  acid  by  converting  the  acid  into  a  barium  salt,  and  examining  the 
crystals  microscopically  ;  barium  citrate  assumes  very  characteristic  forms. 


454  DETERMINATION   OF  CITRIC   ACID. 

a.  When  5  grammes  of  citric  acid  are  heated  with  30  c.c.  of 
ammonia  for  six  hours  in  a  sealed  tube  at  a  temperature  of  1 20°  C.,^  a 
yellow  coloration  is  observed,  and  small  crystals  are  formed.  If 
the  cooled  liquid  be  poured  into  an  evaporating  basin,  it  becomes 
blue  in  the  course  of  some  hours,  the  colour  becoming  more  intense 
on  standing,  and  in  a  few  days  turning  to  green,  and  ultimately 
disappearing.  The  change  of  colour  goes  on  more  slowly  in  the 
dark.  Heating  the  liquid  on  the  water-bath  hastens  the  produc- 
tion of  the  colour.  Malic,  tartaric,  and  oxalic  acids  do  not 
interfere,  even  when  present  in  large  excess;  but  itaconic  acid 
must  be  absent.  It  is  said  that  O'Ol  gramme  of  citric  acid  can 
be  detected  by  this  process  (Zeits,  Anal,  Chem,,  xvii  73). 

b.  Citrate  of  calcium  is  very  sparingly  soluble,  and  less  soluble 
in  hot  water  than  in  cold.  Hence,  addition  of  excess  of  lime 
water  to  a  s<riution  of  citric  acid  produces  but  a  slight  precipi- 
tate in  the  cold,  but  a  somewhat  more  considerable  precipitate  of 
tricalcic  citrate,  Ca3Ci2,  is  obtained  on  boiling,  the  deposit 
redissolving  as  the  solution  cools. 

Precipitation  as  tricalcic  citrate  may  be  employed  for  the 
determination  of  citric  acid  (see  par.  1054,  d),  and  serves  to  separate 
citrates  from  viaJates,  acetates,  formaies,  btdyrates,  ^c;  but  the 
precipitate  may  contain  tartrate,  oxalate,  or  racemate  of  cal- 
cium. 

Citric  acid  may  be  roughly  separated  from  tartaric  acid  by  digest- 
ing the  mixed  calcium  salts  with  a  hot  and  perfectly  neutral  solu- 
tion of  cupric  chloride,^  when  soluble  cupric  citrate  is 
formed,  and  an  insoluble  tartrate  remains.  In  the  case  of  mixed 
tartrates  and  citrates  which  can  be  converted  into  the  calcium 
salts  by  precipitation  with  calcium  chloride  or  nitrate  in  perfectly 
neutral  boiling  solution,  this  method  of  separation  is  occasionally 
convenient  for  qualitative  purposes,  but  it  is  greatly  inferior  to  the 
precipitation  of  the  tartaric  acid  as  an  acid  potassium  salt,  and  fails 
wholly  if  the  proportion  of  tartrate  be  small. 

c.  From  tartaric  acid,  citric  acid  is  best  separated  by  the  method 
<lescribed  in  par.  1048.  In  the  filtrate  from  the  precipitate  of  acid 
potassium  tartrate,  the  citric  acid  may  be  determined  by  boiling 
off  the  alcohol,  exactly  neutralising  with  soda,  and  proceeding  as 
directed  in  par.  1054,  d,  or  by  precipitation  with  barium  acetate  or 
lead  acetate  (see  e  and  g).     If  the  acids  do  not  exist  in  the  free  state, 

^  This  temperature  is  conveniently  obtained  by  immersing  the  tube  in  a 
bath  of  boiling  saturated  solution  of  nitrate  of  sodium. 

^  This  solution  is  best  extemporised  by  precipitating  a  solution  of  cupric 
sulphate  by  barium  chloride,  and  filtering  from  the  resultant  sulphate  of 
barium. 
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the  solution  must  be  prepared  as  directed  under  tartaric  acid  (see 
par.  1006,  e), 

d.  From  oxalic  acid  citric  acid  is  separated  by  neutralising 
the  solution  with  soda,  acidifying  with  acetic  acid,  and  adding 
calcium  sulphate  or  chloride.  After  filtering  from  the  precipitated 
calcium  oxalate,  the  citric  acid  may  be  thrown  down  by  adding 
lime  water  and  boiling. 

e.  If  moderately  pure,  citric  acid  may  sometimes  be  conveni- 
ently converted  into  barium  citrate,  BagCi^i  by  precipitating 
the  neutralised  solution  with  bariiun  acetate,  and  adding  two  volimies 
of  95  per  cent,  alcohol.  After  twenty-four  hours,  the  precipitate  is 
filtered  off,  washed  with  alcohol  of  63  per  cent,  ignited,  moistened 
with  sulphuric  acid,  again  ignited,  and  the  weight  multiplied  by 
0*601.  Alkaline  acetates  do  not  interfere,  so  that  the  method  is 
applicable  to  liquids  from  which  the  tartaric  acid  has  been  separ- 
ated as  KHT. 

/.  In  the  absence  of  other  free  acids,  citric  acid  may  be  titrated 
with  standard  caustic  alkali,  but  the  end  of  the  reaction  is  not  verj* 
sharply  indicated  with  either  logwood,  cochineal,  or  litmus.  Care- 
fully made  litmus  paper  is  preferable  to  the  solution,  and  the  alkali 
should  be  set  against  pure  citric  acid.  The  best  indicator  in 
titrating  citric  acid  is  phenolphthalein,  the  end-reaction  being 
delicate  and  exact. 

g.  For  the  determination  of  citric  acid  in  presence  of  heavy 
metals,  the  latter  should  be  first  removed  by  sulphuretted  hydrogen 
or  sulphide  of  sodium,  and  the  filtered  liquid  rendered  neutral  and 
precipitated  with  excess  of  lead  acetate.  The  imfiltered  liquid  is 
mix^  with  an  equal  volume  of  alcohol,  filtered,  the  precipitate 
washed  with  proof  spirit,  and  treated  with  ammonia.  The  filtrate 
may  contain  citric  and  tartaric  acids,  but  will  be  tree  from  sul- 
phates, phosphates,  and  oxalates.  When  unmixed  with  other  lead 
salts,  citrate  of  lead  may  be  suspended  in  water,  decomposed  by 
sulphuretted  hydrogen,  the  liquid  filtered,  well  boiled,  and  the 
free  citric  acid  in  the  solution  titrated  with  standard  alkali  and 
phenolphthalein. 

Full  descriptions  of  the  methods  of  determining  citric  acid  in 
lemon  juice,  citric  acid  liquors,  &c.,  will  be  found  in  subsequent 
paragraphs. 

1045.  Commercial  Citric  Acid  frequently  contains 
small  quantities  of  calcium  salts,  due  to  imperfect  manufacture, 
and  traces  of  iron,  lead,  and  copper  are  also  met  with — these  last 
being  derived  from  the  vessels  used  for  the  crystallisation  and 
evaporation  of  the  acid  liquids. 

The  presence  of  all  these  impurities  is  indicated  by  igniting  5 
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or  10  grammes  of  the  sample  in  a  porcelain  crucible.  The  ash 
usually  varies  from  0*05  to  0*25  per  cent.  When  the  proportion 
of  ash  does  not  exceed  the  latter  amount,  it  is  rarely  of  importance 
to  examine  it  further,  except  for  poisonous  metals.  The  presence 
of  lead  or  copper  will  be  readily  indicated  by  dissolving  the  ash  in 
a  few  drops  of  nitric  acid,  diluting  largely,  and  passing  sulphuretted 
hydrogen. 

For  the  detection  of  smaller  quantities  of  lead,  &c.,  as  much  as 
50  grammes  of  the  sample  should  be  dissolved  in  ten  times  the 
weight  of  water,  the  solution  nearly  neutralised  with  ammonia,  and 
sulphuretted  hydrogen  passed  through  the  liquid. 

A  very  fair  approximative  determination  of  the  lead  or  copper 
present  may  be  obtained  by  placing  the  solution  of  the  ash  in  a 
tall  glass  cylinder  standing  on  a  white  surface,  and  comparing  the 
depth  of  tint  produced  by  sulphuretted  hydrogen  with  that  obtained 
by  treating  an  equal  bulk  of  a  very  weak  standard  solution  of  lead 
or  copper  in  a  similar  manner.  If  the  metal  present  be  copper,  a 
blue  colour  will  be  observed  on  treating  the  ash  with  nitric  acid, 
and  the  diluted  solution  will  give  a  brown  colour  with  potassiiun 
ferrocyanide. 

The  presence  of  poisonous  metalsin  oitric  acid  is  always 
accidental,  and  the  proportion  present  is  usually  extremely  small 
(1  part  in  10,000);  but  as  lead  and  copper  are  occasionally  present 
in  dangerous  amount,  it  is  necessary  to  take  every  precaution  to 
avoid  their  introduction. 

1046.  Many  samples  of  citric  acid  contsim  free  svJphuric  actd, 
an  impurity  which  renders  the  crystals  deliquescent.  Sulphuric 
acid  and  sulphates  may  be  detected  and  estimated  by  acidifying 
rather  strongly  with  hydrochloric  acid  and  adding  barium  chloride. 
233  parts  of  the  white  precipitate  of  BaSO^  correspond  to  98  of 
sulphuric  acid  (H^SO^). 

1047.  Formerly  citric  acid  was  liable  to  adulteration  with  tartaric 
acid,  but  of  late  the  latter  substance  has  been  somewhat  the  more 
valuable,  so  that  the  tendency  to  any  such  sophistication  is  reversed. 

If  present,  tartaric  acid  may  be  conveniently  detected  by  the 
charring  which  occurs  on  heating  the  sample  with  concentrated 
sulphuric  acid,  as  described  in  par.  1006,  a.  When  the  proportion 
tartaric  acid  in  admixture  with  the  citric  acid  is  not  too  small,  it 
may  be  detected  by  the  dark  colour  produced,  within  five  minutes, 
when  1  gi'amme  of  the  sample  is  dissolved  in  10  c.c.  of  a  cold 
saturated  solution  of  potassium  bichromate. 

For  the  detection  of  tartaric  acid  in  citric  acid,  Vulpius  dis- 
solves 0'5  gramme  of  the  samph?  in  10  c.c.  of  distiUed  water,  and 
adds  5  drops  of  the  solution,  drop  by  drop,  to  15  c.c.  of  lime  water. 
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If  the  citric  acid  contain  mere  traces  of  tartaric  acid,  a  distinct 
turbidity  will  be  produced  in  a  few  moments,  which  increases  on 
adding  more  of  the  acid  solution  and  stirring.  In  this  manner 
the  presence  of  1  per  cent,  of  tartaric  acid  may  be  detected. 

1048.  If  present  in  admixture  with  citric  acid,  tartaric  acid 
is  best  determined  by  converting  it  into  the  nearly  insoluble  acid 
tartrate  of  potassium,  in  the  following  manner  (A.  H.  Allen 
Chem.  NewSy  xxxi.,  277) : — Two  grammes  of  Ihe  sample  of 
acid  are  dissolved  in  20  c.c.  of  proof  spirit  (made  by  diluting 
methylated  spirit  to  a  density  of  '920),  the  solution  filtered 
from  any  residue  (consisting  of  tartrates  of  potassium  and 
calciimi,  &c.),  and  made  up  to  45  c.c.  with  proof  spirit.  5  ac. 
of  a  cold  saturated  solution  of  potassium  acetate  in  proof 
spirit  are  next  added,  the  liquid  well  stirred  for  ten  minutes. 
If  any  tartaric  acid  be  present  it  will  be  thrown  down  as  a  crystal- 
line precipitate  of  KHC^H^Og.  When  the  proportion  is  very 
ismall  there  may  be  no  defined  precipitate,  but  tliere  will  be  white 
streaks  on  the  sides  of  the  vessel,  in  the  track  of  the  glass  rod  used 
for  stirring.  Two  per  cent,  of  tartaric  acid  in  samples  of  citric 
acid  can  thus  be  detected  WTien  more  than  a  trace  of  precipitate 
is  obtained,  it  is  filtered  off  and  washed  with  proof  spirit.  Rinse 
the  precipitate  from  the  filter  ^vith  a  saturated  solution  of  potas- 
sium-hydrogen tartrate  in  cold  water,  ^  digest  in  the  cold  for  a  few 
hours,  with  occasional  stirring,  filter  and  wash  once  with  proof 
spirit.  The  precipitate  consists  of  potassium-hydrogen  tartrate. 
It  may  be  rinsed  oJBF  the  filter  with  boiling  water  into  a  small  por- 
celain dish,  and  weighed  after  evaporating  off  the  water  at  100°  C. 
(  =  212°  F.).  The  weight  multiplied  by  the  factor  0*798  (or 
roughly,  0*8)  gives  the  quantity  of  tartaric  acid  in  2  grammes  of 
the  sample  taken.  Instead  of  weighing  the  precipitate,  it  may 
be  dissolved  in  hot  water  and  titrated  with  standard  alkali  and 
litmus  or  phenolphthalein  in  the  ordinary  manner,  when  each  c.c. 
of  normal  alkali  used  equals  0'150  grammes  of  tartaric  acid  in  the 
2  grammes  of  sample  taken.  In  many  respects  this  method  is 
preferable  to  the  actual  weighing  of  the  precipitate.  When  great 
accuracy  is  desired,  a  correction  should  be  made  for  the  solubility 
of  the  precipitate  in  the  mother-liquor.  When  the  foregoing 
directions  are  adhered  to,  an  addition  of  0*020  gramme  to  the 
weight  of  tartaric  acid  actually  found  is  sufficiently  near  the  truth. 

^  This  is  necessary  to  get  rid  of  any  co-precipitatod  citrate,  which  in  the 
concentrated  spirituous  solutions  employed  has  a  great  tendency  to  be  dragged 
down  with  the  tartrate.  In  cold  weather  a  very  copious  precipitation  of  an 
acid  potassium  citrate  sometimes  occurs,  but  it  dissolves  with  facility  when 
digested  with  the  solution  of  acid  tartrate  of  potassium. 
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If  desired,  the  citric  acid  may  be  determined  in  the  filtrate  (see 
par.  1054,  d). 

1049.  Citric  Acid  Liquors. — ^This  term  is  applied  to  the 
liquors  resulting  in  citric  acid  works  from  the  treatment  of  the 
citrate  of  calcium  with  sulphuric  acid.  Their  assay  is  limited  to 
the  determination  of  the  contained  citric  and  sulphuric  acids. 
For  this  purpose  the  total  acidity  may  be  determined  by  titration 
with  standard  alkali  and  phenolphthalein,  and  the  free  sulphuric 
acid  then  estimated.  By  subtracting  the  acidity  due  to  the  latter 
from  the  total  found  by  titration,  that  due  to  the  citric  acid  alone 
is  ascertained.  The  free  sulphuric  acid  is  determined  by  treating 
10  or  20  c.c.  of  the  liquor  with  five  times  its  volume  of  strong 
alcohol.  After  twelve  hours,  a  portion  of*  the  clear  liquor  is 
treated  with  more  alcohol,  and,  if  opalescence  result  the  whole  is 
treated  in  the  same  way.  The  liquid  is  ultimately  filtered,  the 
precipitated  sulphates  washed  with  spirit,  and  the  filtrate  precipitated 
with  an  alcoholic  solution  of  calcium  chloride.  The  precipitated 
calcimn  sulphate  is  allowed  to  settle  completely,  the  supernatant 
liquor  poured  off,  and  the  precipitate  and  small  quantity  of 
remaining  liquor  gently  warmed.  The  alcohol  is  gradually  displaced 
by  cautious  additions  of  small  quantities  of  water,  and,  when  the 
precipitate  has  become  crystalline  from  its  conversion  into  gypsimi, 
alcohol  is  added,  and  the  precipitate  collected  on  a  filter,  washed 
with  spirit,  ignited,  and  weighed  as  CaSO^.  The  weight  multi- 
plied by  7206  gives  the  sulphuric  acid  (HgSO^)  in  the  liquor  takea 

Another  method,  which  agrees  well  with  the  last,  is  to  neu- 
tralise exactly  a  known  measure  of  the  citric  liquor  with  pure 
caustic  soda,  evaporate  to  dryness,  and  ignite  gently  in  platinum. 
The  ash  is  wholly  dissolved  in  a  known  quantity  of  standard  acid, 
and  the  excess  of  acid  ascertained  by  titration  with  alkali.  (In 
presence  of  iron  or  aluminium,  some  neutral  sodium  tartrate  or 
Rochelle  salt  should  be  added  before  titration.)  The  acid 
neutralised  by  the  ash  is  equivalent  to  the  organic  acid  contained 
in  the  liquor  used. 

In  old  liquor,  the  citric  acid  should  be  precipitated  as  calcium  salt^ 
as  other  organic  acids  will  be  present  in  serious  amount.  For  this  pur- 
pose the  liquor  is  treated  exactly  as  directed  for  juice  (par.  1054,  d). 

1050.  Lemon-juice;  Bergamot-juice ;  Lime-jtiice. 

— These  juices  contain  free  citric  acid  ;  free  acids  other  than  citric; 
citrates ;  salts  of  organic  acids  other  than  citric  ;  salts  of  inorganic 
acids;  and  albuminous,  mucilaginous, saccharine,  and  other  indifferent 
bodies.  Spirit  is  frequently  added  as  a  preservative,  and  mineral 
acids  are  not  uncommonly  employed  as  adulterants.  Verjuice  has 
also  been  used  for  the  purpose. 


LEMON   AND   UME  JUICES. 


459 


1051.  J.  Macagno  finds  that  the  alcoholic  fermentation  which 
takes  place  when  freshly  expressed  lemon-juice  is  kept  does  not 
diminish  the  amount  of  citric  acid  present,  but  that  this  is 
succeeded  by  another  fermentation  during  which  bacteria  make 
their  appearance ;  this  causes  the  citric  acid  to  diminish  and  the 
proportion  of  other  acids  (chiefly  acetic  and  propionic)  to  increase. 
Similarly,  juice  expressed  from  rotten  fruit  contains  acids  other 
than  citric,  sometimes  to  the  extent  of  10  per  cent  of  the  whole. 

A  very  pure  preparation  has  been  introduced  by  the  Montserrat 
Lime  Juice  Company.  The  producers  grow  their  own  limes  on 
the  Island  of  Montserrat,  and  by  care  in  the  preparation  of  the 
juice,  and  proper  precautions  to  avoid  fermentation,  they  obtain 
and  export  a  very  superior  product. 

1052.  Citric  acid  juices  lose  some  of  their  acidity  by  concentra- 
tion. Warington  observed  a  loss  of  3*5  per  cent  of  the  total  free 
acid  on  concentrating  English-pressed  juice  to  one-sixth  of  its 
original  bulk.  The  loss  is  due,  at  least  in  part,  to  the  presence 
of  volatile  organic  acids,  which,  of  course,  exist  in  much  smaller 
amount  in  concentrated  juice.  Warington  found  1  '25  per  cent,  of 
the  total  acidity  of  concentrated  juice  to  be  due  to  volatile  acids. 
Among  the  latter  were  recognised  formic,  acetic,  and  probably 
propionic  acids. 

1053.  The  following  table,  compiled  from  Warington's  data, 
shows  the  density,  tree  acid,  and  combined  organic  acid  (the  two 
last  expressed  in  terms  of  crystallised  citric  acid,  HjCiHgO)  of  the 
various  citric  juices  commonly  met  with  in  commerce  : — 


1 
1 

Density. 

1 

Free  Add, 
ox.  per  gallon 

Combined 
Organic  Add, 
oz.  per  gallon. 

Lime-juice — 

Raw  Sicilian,  . 
„     English, . 

Concentrated  . 
Bergamot'juiu — 

Concentrated, . 
Lemon-juice — 

XvttW^i               •                 •                 •                 • 

Concentrated, . 

1-04  -i -05 
1-20  -1-25 

1-22  -1-25 

1-085-1 -040 
1-28  -1-38 

6-9 
11-13 
56-72 

47-55 

10 -6-18 -5 
82-112 

0-85 

0-3 

6-8 

7-8          I 

0-4-07 
8-6 

In  the  following  table,  due  to  Grosjean,  are  given  determina- 
tions of  the  free  acid  and  precipitable  organic  acid  (both  calculated 
as  citric  acid)  in  commercial  samples  of  concentrated  lemon  and 
other  juices : — 
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Acid  (reckoned  as  Citric 

Add), 

Proportion 

OS.  per  gallon. 

of 

Density. 

Predpitable 
to  100  of 

Free  Acid. 

Total  Add 
Predpitable. 

Free  Acid. 

Lemon-juice — 

Average  of  65  samples, 

1-241 

62  1 

61-6 

99-2 

Sample  A,  . 

1-240 

65-8 

59-7 

90-7 

Sample  B,  . 

4 

1-236 

64-9 

55-7 

85*8 

Bergamot-juice — 

Highest, 

1-235 

47-9 

48-5 

101-4 

Lowest, 

1-235 

52-3 

49-9 

95*4 

Lime-juice — 

Sample  A,  . 

1-326 

108-3 

99-8 

92-2 

Sample  B,   . 

1-205 

59-2 

53-9 

91-1 

Orange-juice — 

Sample  A,  . 

» 

1-400 

16-8 

11*6 

69*0 

Sample  B,  . 

1-350 

11-7 

8-0 

68-4 

From  the  first  of  these  tables  it  will  be  seen  that  English-pressed 
juice  contains  more  free  and  less  combined  acid  than  the  raw 
Italian  and  Sicilian  juices.  This  is  probably  due  to  the  fact  that 
the  finest  and  ripest  fruit  is  sent  to  England,  while  the  windfalls 
and  damaged  fruit  are  treated  locally.  Concentrated  lemon-juice 
is  considered  of  standard  quality  when  it  contains  free  acid  equal 
to  66*87  of  crystallised  citric  acid  (0^11507  + HgO)  or  64  oz.  of 
nominal  acid  (2H3Ci  +  H20).  The  Board  of  Trade  standard  for 
lemon-juice  is  a  density  of  1030  (without  spirit),  and  an  acidity 
equivalent  to  30  grains  per  ounce  (  =  11  ounces  per  gallon)  of 
citric  acid. 

According  to  the  British  Pharmacopoeia,  lemon-juice  should  have 
a  density  of  1*039,  and  should  contain  32^  grains  of  acid  per 
ounce  ( =  1 1  '9  ounces  per  gallon).^ 

Concentrated  bergamot-juice  is  far  less  acid  than  lemon-juice, 
while  concentrated  lime-juice  is  a  thick  viscid  fluid  far  exceeding 
the  others  both  in  density  and  acidity. 

Lemon-  and  lime-juices  are  extensively  employed  as  antiscor- 
butics. The  ash  of  the  lemon-juice  has  been  found  to  contain  54 
per  cent,  of  potash  and  15  per  cent,  of  phosphoric  acid ;  but  as 
the  proportion  of  mineral  matter  is  very  small,  it  is  difficult  to 
attribute  the  effects  of  lemon-juice  to  the  constituents  of  the 
ash. 

1054.  The  Assay  of  Genuine  Juice  is  practically  confined  to 

^  According  to  Stoddart  this  density  is  too  high  for  the  proportion  of  acid. 
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the  determination  of  citric  acid  and  citrates,  and  for  this  purpose 
the  following  processes  are  employed  : — 

a.  DeteinniTiation  of  the  specific  gratnty. — A  special  hydrometer 
is  sometimes  used.  On  this  "  citrometer,"  60  degrees  correspond 
to  a  specific  gravity  of  1*240,  so  that  each  degree  appears  to  be 
equal  to  0*004  specific  gravity  above  unity. 

The  valuation  by  specific  gravity  is  open  to  many  frauds. 
Bergamo t-j  nice,  which  has  a  high  gravity  but  low  acidity,  has  been 
mixed  with  lemon-juice,  and  sea-water  has  been  added  to  the  juice 
during  concentration.  Of  course  the  presence  of  alcohol  materially 
affects  the  density,  but  its  influence  may  be  got  rid  of  by  boiling 
the  juice  and  again  taking  the  density  after  making  up  the  volume 
to  that  originally  employed. 

h.  Determination  of  the  free  acid, — This  is  effected  by  titration 
with  seminormal  caustic  soda,  very  pale  and  nearly  neutral  litmus 
paper  being  used  as  an  indicator.  In  the  case  of  concentrated 
juice,  50  C.C.  should  be  diluted  to  500,  and  25  c.c  to  30  cc,  of 
the  diluted  liquid  employed  for  the  titration.  With  unconcen- 
trated  juice,  10  c.c.  or  20  cc.  may  be  measured  out  at  once.  In 
either  case,  the  alkali  is  added  in  quantity  sufficient  to  neutralise 
about  |ths  of  the  acid  present ;  the  liquid  is  then  boiled  for  a  few 
minutes,  and  when  quite  cold  the  titration  is  completed.  The 
neutralising  power  of  the  alkali  should  be  known  in  terms  of  pure 
citric  acid.  The  number  of  grammes  of  citric  acid  contained  in 
each  cc.  of  the  juice,  multiplied  by  160,  gives  the  ounces  of  free 
acid  per  gallon. 

c.  Detenninaiion  of  the  citric  and  other  organic  acids  in  com- 
innaiion  loith  bases. — This  is  effected  by  evaporating  to  dryness 
the  portion  of  juice  which  has  been  already  neutralised  by  soda  for 
the  determination  of  the  free  acid.  The  residue  left  on  evapora- 
tion is  heated  gradually,  and  charred  at  a  low  red  heat.  The 
ignited  mass  is  treated  with  water,  a  known  volume  of  standard 
sulphuric  acid  added,  the  liquid  boiled  and  filtered,  and  the  excess 
of  sulphuric  acid  determined  in  the  filtrate  by  standard  alkali. 
The  amount  of  sulphuric  acid  neutralised  by  the  ash  is  equivalent 
to  the  total  organic  acid  of  the  sample,  for  on  ignition  all  the  salts 
of  organic  acids  were  converted  into  the  corresponding  carbonates. 
49  parts  of  HgSO^  neutraHsed  =  40  of  NaHO  =  70  of  HaCgHgOy, 
HgO,  or  67  of  "m^G^n^O^.njd. 

The  result  gives  the  total  organic  acid  of  the  juice  taken, 
calcidated  as  citric  acid.  By  subtracting  the  amount  of  free  citric 
acid,  obtained  by  titration  of  the  acid  juice,  the  amount  of  com- 
bined citric  acid  is  ascertained. 

K  the  original  acid  juice  be  evaporated  and  ignited,  and  the 
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combined  citric  acid  calculated  from  the  neutralising  power  of  the 
ash,  the  results  obtained  are  too  high,  owing  to  the  decomposition 
of  chlorides,  &c.,  by  the  citric  acid  during  evaporation. 

d.  Determination  of  the  real  citric  acid, — Of  the  organic  acids 
present  in  genuine  lemon  and  similar  juices,  the  citric  is  the  only 
one  of  imixjrtance  which  forms  an  approximately  insoluble  calcium 
salt.  Malate  and  aconitate  of  calcium  are  pretty  freely  soluble, 
and  the  same  remark  applies  more  strongly  to  the  acetate  and 
butyrate  of  calcium  produced  by  the  fermentation  of  citric  acid 
juices.  For  the  determination  of  the  amount  of  insoluble  cedcium 
salt  obtainable  from  a  citric  juice,  R  Warington  recommends  the 
following  method  {Jour.  Ckem.  Soc.,  xxviiL  934)  : — 15  to  20  c.c 
of  unconcentrated  lemon-juice,  or  about  3  c.c.  of  concentrated 
juice  (previously  diluted  to  facilitate  exact  measurement),  should 
be  exactly  neutralised  with  pure  caustic  soda.  The  solution  is 
brought  to  a  bulk  of  about  60  c.c,  and  heated  to  boiling  in  a  salt 
or  glycerin  bath,  and  so  much  of  a  solution  of  calcium  chloride 
added  as  is  known  to  be  rather  more  than  equivalent  to  the  total 
organic  acids  present  The  whole  is  boiled  for  half  an  hour,  and 
the  precipitate  then  collected  and  washed  with  hot  water.  The 
filtrate  and  washings  are  concentrated  to  about  10  or  15  cc.,  the 
solution  being  finally  neutralised  with  a  drop  of  ammonia  if  it  has 
become  acid.  The  second  precipitate  thus  obtained  is  collected  on 
a  very  small  filter,  the  filtrate  being  employed  to  transfer  it,  and 
the  washing  with  hot  water  being  reduced  as  much  as  possible. 
In  very  accurate  experiments  the  concentration  shoidd  be  repeated 
and  any  further  precipitate  collected.  The  pi-ecipitates,  with  their 
filters,  are  then  burnt  at  a  low  red  heat,  and  the  neutralising 
power  of  the  ash  ascertained  by  treatment  with  standard  hydro- 
chloric acid  and  alkali  Each  c.c.  of  normal  acid  neutralised  corre- 
sponds to  *070  grammes  of  crystallised  citric  acid  (HgCi  +  HgO). 
The  presence  of  mineral  acids  does  not  interfere ;  oxalic  or  tartaric 
acid  would  render  the  results  inaccurate.  It  is  desirable  to  add 
peroxide  of  hydrogen  to  the  solution  of  the  ash  and  boil  before 
titrating,  otherwise  an  error  may  occur  from  the  presence  of 
sulphides. 

In  English-pressed  lemon-juice  the  real  citric  acid  is  99  per 
cent,  of  the  total  organic  acid,  but  in  the  concentrated  Sicilian 
juice  it  varies  from  88  to  95  per  cent,  of  the  total.  In  a  sample 
of  concentrated  bergamot-juice,  Warington  found  the  precipitable 
acid  to  be  about  88  per  cent,  of  the  total  organic  acid,  but  a  more 
usual  proportion  is  96  to  98  per  cent.  The  method  of  determin- 
ing the  value  of  juice  by  its  acidity  usually,  but  not  invariably, 
gives  tolerably  accurate  results  in  the  case  of  lemon-  and  bergar 
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mot-juice,  but  in  lime-juice  the  results  are  commonly  in  excess 
of  the  truth.  Of  course  this  statement  is  only  true  of  genuine 
juice. 

e.  Determination  of  alcohol. — This  can  be  effected  by  the 
ordinary  distillation  method  described  in  par.  163. 

1055.  Adulterated  Limb-  and  Lemon-Juigbb  are  not  uncommon. 
The  production  of  considerable  precipitates  with  barium  chloride 
and  silver  nitrate  sufficiently  indicates  the  presence  oi  sulphuric  and 
hydrochloric  acids  respectively,  pure  juices  containing  merely 
insignificant  traces  of  sulphates  and  chlorides.^  Free  sulphuric 
acid  may  also  be  determined  as  in  citric  acid  liquors  (see  par.  1049), 
and  both  that  and  free  hydrochloric  acid  by  Hehner's  method  for 
the  determination  of  mineral  acids  in  vinegar  (see  par.  908). 

1056.  According  to  F.  D.  Scribani  {Gaz,  Chim,  Itdt,,  viii.  284, 
and  Jour.  Ghem.  Soc,  xxxiv.  914)  nitric  acid  has  occasionally 
been  used  for  the  adulteration  of  lemon-juice.  On  concentrating 
such  juice  the  nitric  acid  decomposes  the  citric  acid,  either  wholly 
or  partially,  with  formation  of  oxalic,  acetic,  and  carbonic  acids; 
80  that  on  neutralising  the  juice  with  lime  a  mixture  of  calcium 
salts  is  obtained.  To  detect  the  nitric  acid,  Scribani  adds  to  the 
juice  an  aqueous  solution  of  ferrous  chloride,  strongly  acidulated  with 
pure  hydrochloric  acid  and  quite  free  from  ferric  salt.  The  liquid 
is  then  boiled  for  a  few  minutes,  and,  after  cooling,  tested  with  a 
thiocyanate  (sulphocyanide).  If  the  liquid  contain  nitric  acid,  a 
more  or  less  deep-red  colour  will  be  produced,  owing  to  the  forma- 
tion of  a  ferric  salt.  This  test  is  said  to  answer  equally  well  in 
presence  of  common  salt  or  sulphuric  or  tartaric  acid.^  In  boiled 
and  dark-coloured  juices  dilution  is  necessary  before  the  colour  can 
be  observed. 

Metallio  Citrates. 

1057.  Citric  acid  contains  three  atoms  of  replaceable  hydrogen, 
and  therefore  forms  three  classes  of  salts.  It  has  a  great  tendency 
to  produce  stable  double  citrates,  and  hence  many  metallic  solutions 
are  not  precipitable  by  alkalies  in  presence  of  sufficient  citric  acid. 
This  fact  is  often  utilised  in  analysia 

'  None  of  the  metallic  citrates  are  wholly  insoluble  in  water.  The 
calcium  salt  is  one  of  the  least  soluble  and  hence  is  employed  for 
the  determination  of  citric  acid.     Other  reactions  of  the  citrates 

^  Sea  water  has  been  added  to  lemon-juice,  and  would,  of  course,  react  with 
silver  nitrate. 

^  A  more  satisfactory  and  direct  test  for  nitric  acid  would  be  to  boil  the 
juice  with  metallic  copper,  when  red  fumes  would  be  produced  if  nitric  acid 
were  present. 
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are  described  in  par.  1044,  while  the  properties  of  the  more  im- 
portant commercial  citrates  are  given  below. 

1058.  Lithium  Citrate.  LigCi. — As  usually  prepared, 
this  is  a  white  powder,  but  it  may  be  obtained  in  crystals  with 
4  Aq.  The  salt  is  generally  stated  to  be  deliquescent,  but  this  is 
an  error.  It  should  be  soluble  without  residue  in  twenty-five 
parts  of  cold  water. 

The  pure  salt,  after  being  rendered  anhydrous  by  drj'ing  at  115'' 
C,  on  ignition  leaves  52*9  per  cent,  of  lithium  carbonate, 
Li^COg.  The  residue  should  be  treated  with  ammonium  carbonate, 
and  again  ignited  very  gently,  as  it  is  liable  to  lose  carbonic  acid. 
A  higher  ash  than  the  above  indicates  impurity  or  adulteration  by 
(probably)  sodium  citrate ^  which  leaves  61*5  per  cent,  on  ignition. 
One  gramme  of  anhydrous  lithium  citrate  leaves  on  ignition  a 
residue  which  should  neutralise  at  least  14  c.c.  of  normal  hydro- 
chloric acid.  The  same  amount  of  sodium  citrate  (after  ignition) 
would  only  neutralise  1 1  '25  c.c.  of  acid.  If  the  resultant  solution  be 
evaporated  to  dryness,  lithium  chloride  may  be  dissolved  out  of 
the  residue  by  a  mixture  of  equal  volumes  of  alcohol  and  ether, 
while  any  potassiiun  or  sodium  chloride  will  remain  undissolved.     * 

Much  of  the  commercial  lithium  citrate  contains  lithium  car- 
bonate. This  gives  it  an  alkaline  reaction,  and  increases  its  has 
and  its  saturating  power.  Excess  of  citric  acid  gives  the  salt  an 
acid  reaction,  and  reduces  the  percentage  of  ash  and  the  saturating 
power.  Hence  these  impurities  can  be  distinguished  from  sodium 
citrate,  which  raises  the  ash  and  diminishes  the  saturating  power 
of  the  sample. 

Potassium  Salts  may  be  detected  by  adding  tartaric  acid  to  the  con- 
centrated solution  of  the  sample  and  stirring,  when  a  white  crystal- 
line precipitate  of  acid  tartrate  of  potassium  will  be  produced. 

Insoluble  matters^  such  as  powdered  petalite  or  lepidolite,  will 
be  left  undissolved  on  dissolving  the  sample  in  hot  water,  and 
calcium  compounds  may  be  estimated  in  the  solution  by  adding 
ammonium  oxalate.  _ 

1059.  Calcium  Citrate.  CagCigHioO^^  =  CagCig.— This  is 
a  white  substance,  very  sparingly  soluble  in  cold,  and  still  less  in 
hot  water.  It  is  produced,  in  an  impure  state,  by  the  citric  acid 
manufacturer  by  boiling  the  juice  with  chalk,  and  is  sometimes 
offered  in  the  market  as  a  convenient  source  of  citric  acid.  The 
product  consists  essentially  of  citrate  mixed  with  other  salts  of 
calcium,  and  excess  of  chalk  or  lime.  In  Sicily,  dolomitic  lime  is 
sometimes  used  for  neutralising  the  juice,  in  which  case  magnesium 
salts  will  be  present.  It  is  particularly  liable  to  decompose  if  the 
j>ercentage  of  moisture  is  considerable  (more  than   10  or  12  per 
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cent.),    and    therefore   some  samples   contain   scarcely    any  real 
citrate. 

For  the  analytical  examination  of  commercial  citrate  of  calcium, 
it  is  sufficient  to  determine  the  citric  acid  and  the  excess  of  chalk 
or  lime.  For  the  latter  purpose,  5  grammes  of  the  sample  should 
be  dissolved  in  a  kno'wn  quantity  of  weak  standard  hydrochloric 
acid  kept  gently  boiling,  and,  when  the  solution  is  quite  cold, 
the  amount  of  acid  neutralised  is  ascertained  by  titration  with 
standard  alkali,  as  described  in  par.  1044,/.  Each  c.c.  of  normal 
acid  neutralised  by  the  sample  corresponds  to  0*050  gramme  of 
chalk  in  the  portion  taken.  To  determine  the  organic  acids,  2 
grammes  of  the  sample  should  be  ignited,  the  ash  boiled  with 
standard  acid,  the  liquid  filtered  and  titrated  with  alkali  The  acid 
neutralised  by  the  ash  is  due  to  the  chalk  existing  as  such  in  the 
sample,  pltis  the  calcium  carbonate  produced  by  the  ignition  of  the 
citrate  and  other  organic  salts.  By  subtracting  the  neutralisation 
due  to  the  chalk  proper,  the  equivalent  of  the  organic  acids  is 
found;  each  c.c.  of  normal  acid  neutralised  being  equivalent  to 
•070  grammes  of  HjCijHgO.  This  method  gives  all  the  organic 
acids  as  citric  acid,  a  result  which  is  misleading  in  decomposed 
citrate.  In  such  samples,  the  real  citric  acid  should  be  determined 
by  dissolving  a  known  weight  in  hydrochloric  acid,  exactly 
neutralising  with  caustic  soda,  and  treating  the  precipitated  citrate 
of  calcium  as  described  in  par.  1054,  d.  Citrate  of  magnesium,  or 
citrate  prepared  with  dolomitic  lime,  can  be  correctly  analysed  by 
the  titration  method  ;  but  if  precipitation  be  desired,  the  sample 
must  be  decomposed  by  boiling  with  carbonate  of  sodium,  the 
carbonate  of  magnesium  filtered  off,  the  filtrate  neutralised  with 
hydrochloric  acid,  and  precipitated  with  calcium  chloride. 

1060.  Magnesium  Citrate  is  an  intermediate  form  into 
which  the  citric  acid  of  lemon-juice  is  sometimes  converted.  The 
popular  medicine  known  as  "Effervescent  Citrate  of 
Magnesia,"  is  a  mixture  of  citric  and  tartaric  acids  with  acid 
carbonate  of  sodium,  loaf-sugar,  and  about  3  per  cent,  of  crystal- 
lised magnesium  sulphate.  The  last  constituent  and  the  citric 
acid  are  frequently  omitted.  A  solution  sold  as  "citrate  of 
magnesia  "  by  a  New  York  manufacturer  was  found  by  A.  Claasen 
to  contain  only  sodium  tartrate  {Analyd^  vi.  202). 

1061.  Ferric  Citrate,  Fe^XCeH^Oy)'",  is  obtained  by  dissolv- 
ing ferric  oxide  in  citric  acid  and  evaporating  the  solution  in  thin 
layers.  It  is  thus  obtained  in  transparent  garnet-red  scales,  which 
are  permanent  in  the  air.  It  is  insoluble  in  alcohol,  but  dissolves 
slowly  in  water  to  form  a  solution  of  a  faintly  ferruginous  taste, 
not  precipitated  by  ammonia,  but  yielding  ferric  hydrate  on  boiling 
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with  a  fixed  alkali     After  drying  at  100"*  C,  the  scales  should 
leave  from  29  to  30  per  cent,  of  residue  on  ignition. 

1062.  CiTRATB  OP  Iron  and  Ammonium  is  a  preparation  of  the 
British  Pharmacopceia  made  by  dissolving  precipitated  ferric  hydrate 
in  a  solution  of  citric  acid  and  adding  ammonia.  It  occurs  in  thin 
transparent  scales  of  a  deep  red  colour  and  slightly  sweetish  and 
astringent  taste.  When  heated  with  caustic  potash  (not  soda)  its 
solution  evolves  ammonia  and  deposits  ferric  hydrate.  The  alkaline 
liquid  filtered  from  the  precipitate  should  not  give  any  crystalline 
precipitate  or  streaks  of  acid  tartrate  of  potassium  when  acidulated 
with  acetic  acid  and  vigorously  stirred.  When  ignited  in  the  air, 
the  ammonio-citrate  of  iron  of  the  British  Pharmacopoeia  should 
leave  not  less  than  27  per  cent,  of  FcgOg,^  which  should  be  free 
from  alkaline  reaction  when  moistened.  Citrate  of  iron  and 
ammonium  is  readily  soluble  in  water,  forming  a  faintly  acid  solu- 
tion, but  is  almost  insoluble  in  rectified  spirit.  A  solution  of  160 
grains  in  one  pint  of  orange  wine  forms  the  Vinum  Ferri  Citras 
of  the  British  Pharmacopoeia. 

Citrate  op  Iron  and  Quinine  will  be  more  conveniently  de- 
scribed under  "  Quinine." 

1063.  Bismuth  Citrate,  Bi^XCeHsOy)"',  is  a  white,  amor- 
phous,  insoluble  powder,  obtained  by  boiling  bismuth  oxynitrate 
with  a  solution  of  citric  acid.  It  is  soluble  in  ammonia  with  pro- 
duction of  the 

Citrate  of  Bismuth  and  Ammonium,  which  occurs  in  smaD,  pearly, 
scales,  very  soluble  in  water  forming  a  solution  which  is  not  precipi- 
tated on  dilution.  The  "  lAq^ior "  of  the  British  Pharmacopoeia 
has  a  density  of  1*122,  and  contains  24  grains  of  BioOg  to  the 
fluid  ounce.  The  bismuth  is  best  determined  by  precipitating  the 
diluted  liquid  with  sulphuretted  hydrogen,  when  1  fluid  ounce 
should  yield  26*48  grains  of  Bi^S.^. 

*JSix  samples,  prepared  by  large  manufacturers  of  scale  preparations,  were 
found  by  R  Wright  to  yield  from  31 7  to  44  *0  per  cent,  of  oxide  of  iron  on 
ignition  {Pharm.  Jour.  [3]  xv.  731),  while  a  specimen  occurring  in  greenish- 
golden  scales  left  only  22  per  cent.  The  United  States  Pharmacopceia  requires 
25  per  cent,  of  residue  on  ignition. 


ERR  A  TA, 

Page  124,  line  12,/or  "07174  "  read  "07195." 
Page  151,  table  in  footnote,/ar  "2-63"  read  "2-03." 
Page  254,  line  12,/or  "par.  692"  re/id   'par.  682." 
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AB8INTH£,  110 

Absorption  spectra,  15 
Acetal,  169 
Acetaldehyde,  166 
Acetate  of  alaminiam,  400 

ammonium,  396 

amyl,  129,  158 

calcium,  395 

commercial,  895 

copper,  402 

ethyl,  129,  133 

iron,  381,  400 

tincture  of,  401 


magnesium,  899 
methyl,  129 
lead,  401 

basic,  solution  of,  201,  402 


potassium,  894 
sodium,  394 


Acetates,  detection  of,  381 

determination  of,  382 

metallic,  394 

reactions  of,  878,  881 

Acetic  acid,  379 

commercial,  885 

density  of,  879 

detection  of,  881 

- —  determination  of,  382 

fusing  point  of,  379,  887 

furfurol  in,  386 

glacial,  379,  380,  886 

homologues  of,  404 

Acetic  aldehyde,  166 
Acetic  ether,  133 
Acetone,  44,  46,  47,  881 
Achro-dertrin,  847 
Acids,  vegetable,  877 

fatty,  404 

Aconitates,  reactions  of,  878 


Aconitic  acid,  452 
Acrolein,  166 
Acrylic  acid,  414 
Albumin,  vegetable,  865 
Albuminoids  of  cereals,  862 
Alcohol,  53 

absolute,  54 

allylic,  see  Allyl  Alcohol 

amylic,  see  Amyl  Alcohol 

calculations,  68 

commercial,  58 

definition  of,  41 

density  of,  54 

density  of  diluted,  62 

detection  of,  59 

fusel  oil  in,  119 

methyl  compounds  in,  50 


determination  of,  61 

by  colour  test,  70 

by  density,  61 

by  oxidation,  70 

in  tinctures,  112 


production  of,  74 

proportion  of,  in  wine,  &c ,  76 

Alcoholic  fermentation,  74 

liquors,  74 

Alcohols,  41 

acid  derivatives  of,  877 

hexatomic,  187 

in  fusel  oil,  116 

primary,  secondary,  itc,  117 

Aldehyde,  166 

acetic,  166 

acrylic,  166 

formic,  166 

-resin,  168 

trichlor-,  170 

valeric,  160,  161,  166 

Aldehydes,  168 
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Aldehydes,  general  reactions  of,  164 

Ale,  see  Beer 

Aleurometer,  364 

Algin,  350 

Allyl  alcohol,  44,  48 

Allylene  dichloride,  176 

Alam,  in  bread,  373 

in  flour,  870,  372 

Amidolin,  832 

Amyl  acetate,  129,  157 

alcohol,  114 

hydrate,  114 

nitrate,  161 

nitrite,  129,  168 

commercial,  169 

Amyl-solphnric  acid,  115 
Amylan,  316,  344 
Amylic  alcohol,  114 

deleterious  effects  of,  115 

detection  of,  116 

in  spirits,  119 

determination  of,  116,  121 

separation  of,  from  ethyl  alcohol, 


116,  118 
Amylin,  346 
Amylo-cellulose,  332 
Amyloid,  318 
Analysis,  definition  of,  1 

elementary  or  ultimate,  23 

Arabic  acid,  351 

gum-,  351 

Arabin,  350 

properties  of,  351 

Arabinose,  191,  352 
Arabinosic  acids,  351 
Argol,  443 
Arrack,  103 
Arrowroot,  336,  338 
Arsenic,  determination  of,  27 
Artificial  fruit  essences,  162 
Assay,  definition  of,  1 
Ash,  determination  of,  37 

of  cereals,  367 

Asparagine,  257,  367 
Aspartic  acid,  257 

Barley,  composition  of,  361 
Barley  sugar,  239 
Bassorin,  350,  355 


Bates*  saccharometer,  273 
Baume's  hydrometer,  6 
Beck's  hydrometer,  7 
Beer,  90 

bitter  substances  in,  96 

composition  of,  91 

definition  of,  90 

extract  in,  93 

glycerin  in,  96 

picric  acid  in,  98 

salicylic  acid  in,  95 

Beer-wort,  original  gravity  of,  \ni 

maltose  and  dextrin  in,  274 

solids  in,  278 

specific  gravity  of,  272 

strength  of  standard,  272 

Beet  products,  valuation  of,  261 
Beet-root,  composition  of,  260 

juice,  260 

molasses,  256 

sugar,  246 

Beigamot-juice,  468 

Bi-rotation  of  sugars,  208 

BUck  liquor,  400 

Boiling  points  of  organic  bodies,  11 

tables  of,  44,49,   117,   129,   156 

160,  172,  184,  406 
Brandy,  103 
Bread,  see  Flour 
British  gum,  348 
Bromide  of  ethyl,  129 
Bromine,  determination  of,  in  organic 

bodies,  26 
Bromoform,  184 
Butyl  alcohol,  117 

chloral,  175 

Butyrate  of  calcium,  415 

copper,  415 

ethyl,  129,  415 

Butyric  acid,  405,  406,  414 

determination  of,  in  wine,  410 

Butyric  chloral,  176 
hydrate.  175 

Camphor,  compound  tincture  of,  113 

spirit  of,  112 

Cane  products,  valuation  of,  261 

Cane-sugar,  192 

adulterations  of,  251 


nic      L 
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Cane-sugar,  ash  of,  246 

assay  of  commercial,  245 

composition  of  commercial,  245 

detection  of,  242 

determination  of,  199,  242 

in  milk,  288 

fermentation  of,  74,  218 

inversion  of,  207 

manufacture  of,  244 

optical  determination  of,  199 

specific  rotation  of,  194 

Capric  acid,  406 
Caproic  acid,  405,  407 
Caprylic  acid,  406 
Caramel,  239 

in  spirits,  108 

Carbohydrates,  density  of,  in  solution, 

209 
Carbon,  determination    of,  in    organic 
bodies,  25 

tetrachloride,  184 

trichloride,  156 

Cartier*s  hydrometer,  7 

Celluloid,  329 

Cellulose,  315,  316 

determination  of,  319 

nitro-,  327 

varieties  of,  816 

rasin,  350 

Corealin,  365 

Cereals,  albuminoids  of,  362. 

composition  of,  361. 

mineral  constituents  of,  367 

Chloracetic  acid,  381 

Chloral,  170 

alcoholate,  171 

butyric  or  butyl,  175 

detection   and  determination  of, 

173 

hydrate,  171 

assay  of,  173 

tests  for  purity  of,  172 

meta-,  171 

production  of,  170 

Chlor-ethane,  129,  156 

Chlor-ethylene,  157 

Chloride  of  carbon,  156,  184 

ethyl,  129,  155 

ethylene,  157,  179 


Chloride  of  ethylidene,  156 

methcuyl,  176 

methyl,*  129,  184 

methylene,  183 

Chlorine,  determination  of  26 
Chlormethane,  129,  184 
Chloroform,  176 

commercial,  178 

detection  and  determination   of, 

177 

methylated,  180 

spirit  of,  183 

Cider,  89 

Citrate  of  barium,  453,  455 

bismuth,  466 

calcium,  454,  464 

iron,  465 

lithium,  464 

magnesium,  465 

Citrates,  pr0t>erties  of,  463 

reactions  of,  378,  453 

Citric  acid,  452 

commercial,  455 

detection  and  determination  of, 

453,  458,  461 

liquors,  assay  of,  458 

separation  of,  from  other  acids, 

454 

Clerget's  sugar  method,  204 

Cognac,  108 

Collodion,  828 

Compound  ethers,  128 

analysis  of,  130 

determination  of,  in  wine,  85 

formation  of,  128 

table  of  physical  properties  of, 

129 

Confectionery,  sugar-,  255 

Cordials,  110 

Corn-cockle,  in  flour,  876 

Cork,  composition  of,  822,  324 

Cotton  fibre,  recognition  of,  325 

Croton  chloral,  175 

Crotonic  acid,  175 

Crystalline  form  of  organic  bodies,  3 

Cutose,  822 

Dambosk,  190 

Densities,  determination  of,  4 
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Densities  of  saccharine  solutions,  209, 

212,  262 
tables  of,  44,  62,  79,  92,  99,  117, 

129,  156,   160,   172,  184,   210,  212, 

262 
DephlegmatoTS,  14 
Dextran,  350 
Dextrin,  815,  346 

commercial,  348 

rotatory  power  of,  347 

syrup,  348 

Dcztro-glucose,  gee  Dextrose 

Dextrose,  190,  287 

detection  and  estimation  of,  233, 

284,  290,  800 

specific  rotatory  power  of,  288 

Diabetic  urine,  examination  of,  285 
Diastase,  preparation  of,  843 
Diastasic  power  of  malt,  272,  277 
Dichlorethane,  179 
Di-lactic  acid,  419 
Dimethyl-acetal,  44,  170 
Dispersion  of  organic  bodies,  15 
Distillation,  11 

fractional,  12,  408 

Draff,  in  malt,  271 

Dulcite,  189 

Dutch  liquid,  157,  17y 

Elements  rt  analysis  of  organic  bodies, 

23 
Erythro-dextrin,  347 
Erythro-mannite,  189 
Essences,  artificial  fruit,  162 
Ethylene  dichloride,  157,  179 
Ether,  123 

acetic,  133 

assay  of,  125 

chlorinated,  170 

chloro-carbonic,  179 

commercial,  124 

methylated,  128 

methylic,  127 

nitrous,  see  Nitrous  Ether 

spirit  of,  128 

production  of,  123 


Ethyl  alcohol,  tfee  Alcohol 

bromide,  129,  157 

butyrate,  129 

chloride,  129,  146,  166 

—  chlorinated,  166 
disulphocarbonates,  187 

-  —  ether,  128 
iodide,  129 

—  nitrate,  129 

-  —  nitrite,  188 

— determination  of,  147 

oxalate,  52 

oxide,  123 

pelargonate,  129 

sulphates,  136 

sulphuric  add,  187 


Ethers,     compound,     see     Compound 

Ethers 
Ethyl  acetate,  133 


Ethylates,  56 

Ethylene  chloride,  156,  179 

lactic  acid,  418 

Ethylidene  chloride,  166 
Eucalyn,  or  Eucalyptose,  191 
Examination,  preliminary,  of  organic 

bodies,  3 
Extract,  estimation  of,  in  beer,  93 

in  wine,  80 

of  malt,  276 

diastasic  power  of,  277 


Fats,  constitution  of,  130 
Fatty  acids,  404 
Fehling's  solution,  224 

action  on  different  sugars,  227,  22b 

behaviour  with    organic    bodies, 

451 


—  influence  of  conditions  on  reducing 
power  of,  231 

—  mode  of  employing,  225,  227.  451 

—  preparation  of,  225 
titration  of  glucose  by,  226 


Fermentation,  alcoholic,  74,  218 

lactous,  76,  220 

of  sugar,  74,  213 

Fermentative  power  of  malt,  272 

Fibres,  vegetable,  recognition  of,  324 

Fibrin,  vegetable,  363 

Fixed  oils,  constitution  of,  130 

Flax  fibre,  325 

Flour,  adulterations  of,  369 

alum  ill,  371 
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Flour,  ash  of,  3tf7 

gluten  in,  363 

Fluorescence  of  organic  bodies,  15 
Formates,  reactions  of,  378,  412 
Formic  acid,  405,  412 

aldehyde,  166 

Formulse,  empirical,  24 
Fruit  essences,  artificial,  162 
Fumaric  acid,  433 
Furfurol,  165,  166 

presence  of,  in  acetic  acid,  384, 

386 
Fusel  oil,  116 

assay  of,  118 

constituents  of,  116 

detection  of,  in  spirits,  119 

determination  of,  in  spirits,  121 

Galactose,  191,  292 

Gallic  acid,  reactions  of,  378 

Gallisin,  236,  237,  295,  805 

Gallotanic  acid,  reactions  of,  37S 

Gelose,  350 

Gin,  104 

Gloy,  348 

Glucolignose,  321 

Glucose,  commercial,  8ee  Starch  Sugar 

dextro-,  see  Dextrose 

laevo-,  see  Lsevulose 

syrup,  294,  298,  305 

in  honey,  311 

Glucoses,  188,  190,  284 

detection  and    determination  of, 

233,  284,  290 
Glucosides,  312 
Glutaminic  acid,  257 
Gluten,  363 

assay  of  flour  for,  363 

Glutin  or  Gliadin,  363 
Glyceric  acid,  419 
Glycerin,  formation  of,  75 

determination  of,  in  beer,  95 

in  wine,  80 

Glycocine,  formation  of,  223 
Glycogen,  315 
Glycyl  ethers,  130 
Granuloso,  332 

Grape-juice,  composition  of,  77 
Grape  sugar,  see  Dextrose 


I  Gum  arabic,  351 
assay  of,  858 


tragacanth,  350,  855 

wood,  850 

Gums,  315,  849 
Gun-cotton,  330 
I nitric  peroxide  in,  827 

Hemp  fibre,  recognition  of,  326 
Hesperidin  sugar,  189 
Hollands,  104 
Homologues  of  acetic  acid,  404 

physical  properties  of,  405 

Honey,  307 

examination  of  commercial,  309 

Hydracrylic  acid,  419 

Hydrocellulose,  317 

Hydrogen,  determination  of,  in  organic 

bodies,  25 
Hydrometers,  graduation  of  various,  5, 

273 
Hydrostatic  balance,  5 

I 

Immiscible  solvents,  use  of,  80 

behaviour  of  organic  bodies  with, 

33 
Inorganic    matters,    examination  for, 

37 
Inosite,  191 
Inulin,  815 

Inversion  of  sugar,  207,  216 
Invertin,  243 
Invert  sugar,  292 
Iodine,   determination  of,   in  organic 

bodies,  26 
Iodoform,  185 
Iron-liquor,  400 
Iso-butyric  acid,  405,  414 
Iso-butyl  alcohol,  117 
Iso-dulcite,  189 
Iso- valeric  acid,  405,  415 
Itaconic  acid,  452 

JriOBs,   bergamot,  lemon,  and  lime, 
458 

cane  and  beet,  259 

Jute  fibre,  compoaition  of,  824 
recognition  of,  826 
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KiSSCHWASSER,  104 

Knapp's  mercurial  solatdon,  229 

L.VCTATE8,  421 

reactions  of,  378 

Lactic  acid,  418 

commercial,  421 

determination  of,  420 

formation  of,  220 

Lactic  anhydride,  or  Lactide,  419 

Lactic  fermentation,  76,  220 

Lactose,  191,  192,  292 

Lsevo-glucose  {see  Lievulose) 

Ltevulan,  350 

L'evalin,  315 

Lsevulose,  199,  289 

Lees,  442 

Legumin,  365 

Lemon  and  lime  juice..  458 

adulterated,  463 

composition  of,  459 

Lichenin,  315 

Lignin,  Lignose,  or  Ligneous  matter, 

321 
Linen,  recognition  of,  325 
Liqueurs,  110 

Malate  of  ammonium,  4H4 

barium,  435 

calcium,  433 

lead,  434 

Malates,  reactions  of,  378,  433 

Maleic  acid,  433 

Malic  acid,  432 

determination    of,   in  wine,    83, 

434 
Malonic  acid,  419, 
Malt,  266 

examination  of,  268 

density  of  solutions  of,  210,  269, 

272 

extract,  276 

liquors,  see  Beer 

sugar,  see  Maltose 

worts,  99,  272 

Maltose,  192,  263 
Mannite,  189,  289,  307 
Mannitflse,  191 


Maraschino,  110 

'Meconates,  reactions  of,  378 

Melitose,  193 

Melizitose,  198 

Melting  points  of  organic  bodies,  9 

Mercuric  solutions,  reaction  of  sugars 

with,  229 
Metals,   determination  o^    in  organic 

bodies,  27 

detection  as  impurities  in,  89 

Metacetonic  acid,  413 
Metachloral,  171 
Metaldehyde,  169 
Metarabin,  850 
Methyl  acetate,  44,  46 

alcohol  {see  Methylic  Alcohol) 

chloride,  129,  188 

chloroform,  157 

compounds,  detection  of,  50 

ether,  127 

iodide,  129 

oxalate,  52 

salicylate,  129 

Methylated  chloroform,  180 

ether,  128 

finish,  50 

spirit,  48 

of  nitre,  155 

Methylene  dichloride,  183 
Methylic  alcohol,  41 

detection  of,  50 

density  of,  43  """Nm^^iMHI 

determination  of,  in  wood  spirit, 


45 


preparation  of  pure,  42 


Milk-sugar,  192,  279 

detection  of,  234,  236 

determination  of,  236,  281 

Molasses,  256 
Mucedin,  363 
Mucic  acid,  215,  349 
Mucilages,  350 
Mucoid  sugar,  190 
Must  constituents  of.  77 
Mycose,  193 


j  Neutral  alcoholic  derivatives,  123 
Nitrate  of  amyl,  160,  161 
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Nitrate  of  cellulose,  326 

ethyl,  129 

sucrose,  240 

Nitric  acid,  action  of,  on  8Ugan,^14 
Nitrite  of  amyl,  129,  158 

ethyl,  129,  188 

spirit  of,  139 

Nitrocellulose,  327 

Nitrogen,  determination  of,  in  organic 

bodies,  25 
Nitropentane,  161 
Nitrosucrose,  240 
Nitrous  ether,  188 

determination  of,  147 

spirit  of,  139 

assay  of,  144 

Normal  solutions,  26 
Noyeau,  111 

Oat-meal,  examination  of,  840 

(Enanthylic  acid,  405,  407 

Oils,  constitution  of  fixed,  180 

Opium,  estimation  of,  in  compound 
tincture  of  camphor,  118 

Optical  properties  of  organic  bodies,  15 

Optical  saccharimetry,  199 

Optically  active  bodies,  22 

Optical  rotation,  16 

of  sugars,  194 

Orange  juice,  460 

Organic  bodies,  preliminary  examina- 
tion of,  3 

ultimate  analysis  of,  28 

Original  gravity  of  worts,  98 

Oxalate  of  antimony,  483 

calcium,  425 

Oxalates,  properties  of,  429 

reactions  of,  378,  425 

Oxalic  acid,  423 

commercial,  428 

determination  of,  425 

reactions  of,  378,  425 

toxicological  examination  for,  427 

Oxycellulose,  818 

Oxygen,  determination  of,  in  organic 
bodies,  28 

Paracellulose,  317,  323 
Paralactic  acid,  418 
VOL.  I. 


Paraldehyde,  148,  169 

Pftrarabin,  850 

Parchment  paper,  818 

Paregoric  elixir,  113 

Pavy's  copper  solution,  228 

Pectates,  822 

Pectin,  850 

Pectinose,  191 

Pectose,  350 

Pelargonates,  129,  406,  407 

Pentoic  acid  (see  Valeric  Acid) 

Peptones,  in  cereals,  867 

Perry,  89 

Persitol,  189 

Phaseomannite,  191 

Phosphorus,     determination      of,     in 

organic  bodies,  27 
Physical  state,  changes  of,  9 
Picrotoxin,  detection  of^  in  beer,  96 
Finite,  189 

Pith,  composition  of,  323 
Plants,  proximate  analysis  of,  856 
Poisonous  metals,  examination  for,  89 
Polarimeters,  construction  of,  16 

employment  of,  202 

Polarisation,  circular,  16,  22 

of  sugars,  194 

Pototo-spirit,  114,  116 

Potatoes,  assay  of,  for  starch,  845 

Porter,  91,  93 

Preliminary    examination    of    organic 

bodies,  8 
Proof  spirit,  "66 
Propionic  acid,  405,  418 

determination  of,  in  wine,  410 

Propyl  alcohol,  117 

Proximate  analysis  of  plants,  356 

of  woody  tissues,  322 

Pyrogallio  acid,  reactions  of,  878 
Pyroligneous  acid,  884 
Pyrolignite  of  iron,  400 
-1—  lead,  402 

lime,  895 

Pyroxylin,  328 

Quassia,  detection  of,  in  beer,  96 
Quercitol,  189 

Racbmio  acid,  486,  441,  450 
Raffinose,  189 

2h 
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Reactions  of  vegetable  acids,  376 
Rectified  spirit,  66 

solubility  of  organic  substances  in, 

84 
Red  liquor,  400 
Reducing  action  of  sugars,  223 

on  Fehling's  solution,  224 

Refraction  of  organic  bodies,  15 

Robur,  110 

Rochelle  salt,  448 

Rotary  power  of  sugars,  194 

Rotatory  power  of  organic  bodies,  22 

Rum,  105,  258 

bay,  106 

essence  of,  129 

Saccharic  acid,  215 

Saccharimetry,  optical,  199 

Saccharin,  222 

Saccharinic  acid,  222 

Saccharine  solutions,   clarification  of, 

200 

density  of,  209 

Saccharoids,  188,  189 

Saccharometers,  213,  27'^ 

Saccharoses,  188,  192 

Saccharum,  293 

Sachsse's  mercurial  solution.  230 

Salicylate  of  methyl,  129 

Sarcolactic  acid,  418 

Schnapps,  104 

Schweitzer's  reagent,  316 

Scyllite,  191 

Seidlitz  powders,  448 

Sinodor,  399 

Sizal,  326 

Solidifying  points  of  organic  bodies,  9 

Solvents,  behaviour  of  organic  bodies 

with,  30,  33,  34 
Sorbinose,  or  sorbin,  191 
Sorbite,  189 
Specific  gravity,  4 

bottle,  4 

of  saccharine  solutions,  209 

Specific  rotatory  power,  20 

of  sugars,  194 

tables  of,  22,  189,  198,  236,  264, 

288,  310,  316 
of  cane  sugar,  194 


Specific  rotatory  power  of  dextrose,  288 

of  maltose,  263 

Spectra,  absorption,  16 
Spirit  indication,  99 
Spirit  of  camphor,  112 
Spirit  of  nitrous  ether,  139 

analysis  of,  144 

Spirit  of  wine,  63,  66 

methylated,  48 

Spirits,  102 

examination  of,  106 

flavouring  substances  in,  109 

Sprengel's  specific  gravity  tube,  6 
Starch,  816,  331 

commercial,  346 

corpuscles,  structure  of,  332 

detection  of,  in  coffee,  341 

determination  of,  342 

in  potatoes,  346 

isomers  of,  314 

microscopic  characters  of,  333 

reaction  of,  with  iodine,  841 

soluble,  332 

Starch  sugar,  293 

detection  of,  in  cane  sugar,  262 

in  honey,  310 

Succinates,  reactions  of,  378,  430 
Succinic  acid,  429 

commercial,  431 

determination  of,  76,  83,  431 

formation  of,  76 

reactions  of,  378,  430 

Succinic  anhydride,  430 
Sucrates,  241 

Sucro-dextrose,  see  Dextrose 
Sucro-lsevulose,  see  Laevulose 
Sucrose,  see  Cane  Sugar 
Sugar,  adulterations  of,  251 

beet,  246 

cane,  see  Cane  Sugar 

commercial,  244 

purity  co-efficient  of,  262 

crystallisable  in  raw,  250 

fermentation  of,  213 

grape,  287 

invert,  292 

inversion  of,  216 

malt,  see  Maltose 

maple,  244 
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Sugar,  milk,  279 

mucoid,  190 

solutions,  clarification  of,  200 

density  of,  209,  212 


sorghum,  245 


Sugar-acarus,  252 

Sugar-beet,  composition  of  the,  260 
Sugar-cane,  composition  of  the,  259 
Sugar-confectionery,  255 
Sugars,  187 

action  of  acids  on,  214,  215 

alkalies  on,  221 


action  of,  as  i-educing  agents,  223, 


231 


-  assay  of  commercial,  250 

-  bi-rotation  of,  208 

-  classification  of,  187 

-  density  of  solutions  of,  209,  212 

-  inversion  of,  216 

-  isolation  of,  194 

-  non-fermentable,  189 

-  recognition  of  various,  223 

-  relations  of,  to  polarised  light,  194 

-  specific  rotation  of,  194 
table  of,  198 


reaction  of,  with  Fehling's  solu- 
tion, 224 

Sulphur,  determination  of,  in  organic 
bodies,  27 

Sulphuric  acid,  action  of,  on  sugars, 
215 

Sweet  spirit  of  nitre,  140 

Synanthrose,  193 

Tartar,  442 

assay  of,  443 

cream  of,  443 

emetic,  44J» 

Tartaline,  448 
Tartaric  acid,  435 

commercial,  439 

determination  of,  487 

in  citric  acid,  457 

liquors,  assay  of,  439 

reactions  of,  435 

varieties  of,  435 

Tartrate  of  ammonium,  449 

antimony,  449 

calcium,  449 


Tartrate  of  copper,  451 

potassium,  446,  447 

and  antimony,  449 

and  hydrogen,  440 

and  iron,  448 

and  sodium,  448 

Tartrates,  446 

reactions  of,  878,  487" 

Tetrachloride  of  carbon,  184 
Tinctures,  111 

deposits  from,  113 

Tragacanth  gum,  355 
Tragacanthin,  350,  355 
Treacle,  256 
Trehalose,  193 
Trichloracetic  acid,  175 
Trichloraldehyde,  170 
Trimethylacetic  acid,  4 
Trinitrocellulose,  329 
Twaddell's  hydrometer,  6 

Ulmio  acid,  321 

Ultimate  analysis  of  organic  bodies,  28 

Urine,  sugar  in  diabetic,  285     * 

Valeral,  or  Valeraldehyde,  161 
Valerates,  416,  418 
Valeric  acid,  405,  415 

commercial,  417 

reactions  of,  416 

Vanillin,  in  molasses,  258 
Vapour  densities,  determination  of,  8 
Vasculose,  321 
Vegetable  albumin,  365 

acids,  reactions  of,  377 

casein,  365 

fibres,  recognition  of,  324 

fibrin,  868 

mucilages,  350 

Verdigris,  403 
Vinasse,  258 
Vinegar,  387 

acetic  acid  in,  888 

aromatic,  890 

cider,  389 

eels,  394 

factitious,  890 

flies  in,  894 

malt,  889 
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Vinegar,  mineral  acids  in,  890 

proof,  888 

sugar,  889 

solpliaric  acid  in,  892 

tartaric  acid  in,  898 

wine,  888 

wood,  884 

Vinous  fermentation,  74 
Viscose,  850 

Wheat  starch,  characters  of,  337 

detection  ot  340 

Whisky,  106 

fusel  oil  in,  119 

Wine,  77 

antimonial,  449 

alcohol  in,  76 

analysis  of,  80 

colouring  matters  in,  86 

composition  of,  78 

constituents  of,  77 

ethers  in,  86 

extract  in,  80 

glycerin  in,  80 


Wine,  malic  acid  in,  83 

organic  acids  in,  83 

plastering  of^  84 

propionic  acid  in,  41 0 

salicylic  acid  in,  84 

succinic  acid  in,  83 

sugar  in,  81 

tannin  in,  85 


—  tartaric  acid  in,  82 

—  valeric  acid  in,  411 
volatile  acids  in,  82,  410 


Wood  gum,  850 

naphtha,  44 

spirit,  44 

assay  of,  46. 

Woody  tissues,  analysis  of,  321 

composition  o{,  324 

Wort,  original  gravity  of,  98 
strength  of  standard,  272 

Xante  ATEs,  187 
Xanthic  acid,  137 

Yeast,  action  of,  on  sugar  solutions. 21 8 
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